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1. A well-known zoologist remarks that before certain 
papers had elucidated vitalism, he had had a personal 
meaning for the word, but after, he did not know at all 
what vitalism means.! Are not many of us in this case? 
And is not the remedy more papers on vitalism, such as 
we have recently had from Lovejoy, Ritter, Glaser, Wood- 
ruff, MacDougall and others—in order that we may 
know what is in each other’s minds? In the obscurity, 
persons holding the same views are rallving to different 
battle cries, while those with diverse views march in sup- 
posed alliance. The following has arisen in the course of 
an attempt by the writer to clear his own mind on the 
matter, and particularly to discover for practical pur- 
poses whether the principles underlying the work of the 
biologist are essentially diverse from those of the rest 
of science. 

The papers of Lovejoy? have been of the greatest value 
in distinguishing and classifving the views commonly 
held as vitalism, but there appear to be still certain im- 
portant distinctions that need emphasis before the ob- 
security is quite dissipated. 


1éeW, L. K.,’’ in Science, October 20, 1911, p. 520. 
2 Science, November 26, 1909; April 21, 1911; July 21, 1911; November 
15, 1912. 
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Two Diverse GenerAL CLasses oF ViTaListic DocTRINE 

2. Two fundamentally diverse questions are dealt with 
in discussions of vitalism, often as if they were the same. 
The two questions bear respectively upon (.4) the need 
for the division of science into two contrasted parts; 
and (P) the nature of science. 

A. The doctrine perhaps most commonly signified by 
vitalism is that there is a deep-lving distinction of some 
sort between what oceurs in the living, and what oceurs 
in the non-living; with a correlative deep-lving distine- 
tion between the sciences that deal with the two; so that 
science must on this account be divided into two kinds, 
vitalistic and non-vitalistie. 

PF. Vitalism is sometimes used to signify merely the 
doctrine that mechanistic formulation is not adequate for 
giving an account of nature. In place of it there must 
then be put some other formulation, and this is at times 
called vitalistic. The clearest statement I have found of 
this is given by Rad1: 

One either banishes completely the idea of causality from science, or 
one distributes it in quantitative elements present everywhere, whose 
origin one holds not to be open to investigation; or one conceives the 
elements to be qualitative entities. The first view leads to geometry, 
the second to mechanism, the third to vitalism.’ 

3. It is clear that this ‘‘vitalism’’ B is the doctrine held 
for physies and chemistry under the name of ‘‘energet- 
ics’? by such men as Ostwald. It is not presented by 
Radl as characterizing a difference between the living 
and the non-living; it merely holds that science is neces- 
sarily non-mechanistic. It would be equally valid if there 
were no living things as objects of study. 

4. Lack of clear distinction as to which of these two 
doctrines is meant by vitalism results in discussion at 
cross-purposes, one party dealing with the doctrine A, 
the other with B. Not infrequently indeed the two ques- 
tions appear to be confused in the mind of a single 


* Translation from Rédl, ‘‘Geschichte der Biologischen Theorien,’’ Bd. 1, 
p. 81. 
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thinker, the grounds he gives for vitalism tending merely 
to show that nature can not be explained mechanically, 
while the conclusion he draws is that there is a distine- 
tion between the living and the non-living; though he may 
also hold that the non-living can not be explained me- 
chanically. In this way it is evident that no difference 
in principle is made between the living and non-living.* 

5. To clear up this matter one may propose to himself 
the following: 

Test Question.—Suppose it were demonstrated that 
mechanical formulation’ is not adequate for living things, 
would that establish vitalism, without a correlative dem- 
onstration that it is adequate for non-living things? 

If one answers this question affirmatively. his vitalism 
is of the class B, not requiring any difference in prin- 
ciple between the living and the non-living. 

6. My own ‘‘personal meaning’’ for vitalism had been 
that set forth under 4; I had supposed it an irreducible 
minimum for a vitalistic doctrine that it should make a 
deep-lving distinction of some sort between the science: 
of the living and that of the non-living; but the argu- 
ments for vitalism adduced by various authors show that 
not all share this idea. It appears clear that the doctrine 
B, that mechanism is not adequate to nature in general, 
has no distinctive interest for the biologist; he shares his 
interest in such a question on an equal footing, theoret- 
ical and practical, with the physicist. Many persons who 
do not call themselves vitalists hold that the mechanical 
formulation of nature (as simply masses moving in space 
and time, and the laws of such movements, with nothing 

*A grosser form of the same confusion is at times seen in the proposition 
that science can not ‘‘explain’’ life. These statements as a rule imply 
such a meaning of the word explain that it is equally true that science can 
explain nothing whatever—so that again no distinction is made between the 
living and the non-livng. See the excellent development of this point by 
Glaser, Pop. Sci. Monthly, July, 1912. 

5 For our purposes it is immaterial just what is understood by mechanical 


formulation, provided the meaning is the same when applied to the living 
as when applied to the non-living. 
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else) has not demonstrated itself adequate for nature, 
organic or inorganic; and perhaps incline to the view 
that it will be shown inadequate. Such, for example, is 
the position taken by Biitschli, in what he considers to be 
an attack on vitalism,® such also is the position of the 
present writer. ‘‘Vitalists’’ that hold to nothing more 
than this will avoid classification with a totally different 
set of theorists if they pronounce themselves clearly on 
this question; and the same is true for ‘‘non-vitalists.’’ 
Do you or do you not hold that there is a deep-lving dis- 
tinction between the science of the living and that of the 
non-living? Do you hold that mechanism is or is not ade- 
quate to nature? These questions are not identical. 


ViITALISM AS THE DocTRINE THAT THERE Is A DEEP-LYING 
DISTINCTION BETWEEN THE SCIENCE OF THE LIVING 
AND THAT OF THE NON-LIVING 

7. Leaving aside such ‘‘vitalism’’ as is merely a gen- 
eral alternative to ‘‘mechanism,’’ and understanding by 
it the doctrine that there is a deep-lying distinction be- 
tween the occurrences in the living and those in the non- 
living (which I believe is the idea that at least lurks in 
the background in most minds, even though the grounds 
discussed may not directly bear upon it)—then its valid- 
ity is open to the following: 

8. Test—Examination to determine whether the char 
acteristics of living things, or of the science of living 
things, that are urged as ground for vitalism, are really 
distinctive of the living, as contrasted with the non-liv- 
ing. If both living and non-living are found to possess 
them, these characteristics furnish no ground for vital- 
ism. 

Much clearing of the atmosphere would result if we 
could so much as get a general expression of opinion as 
to whether this is a valid test. In the following I pro- 
pose to examine by the aid of this test the common vital- 


®° Biitschli, O., ‘‘Mechanismus und Vitalismus,’’ Leipzig, 1901, pp. 7-8. 
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ism of class A. Different grounds may be urged, and 
have been urged, for making a deep-lving distinction be- 
tween the living and non-living; we shall take up the main 
classes of these. 


DESCRIPTIVE’? VITALISM 

D. 9. Descriptive and more or less superficial differ- 
ences of course exist between the living and the non-liv- 
ing; this is the basis for distinguishing ‘‘biology’’ from 
‘‘physies’’ or ‘‘geology.’’ The question of vitalism is, 
whether there are deeper lying distinctions than those so 
expressed, such as to require the division of science into 
two contrasted parts, vitalistic and non-vitalistic. Many 
distinctions may be admitted to exist, and to be of inter- 
est, without their being considered ground for such a di- 
vision of science. 

10. It is of course difficult or impossible to state a 
priori what sort of a difference would be sufficient ground 
for holding science divisible into two contrasted parts. 
The following seem to be fair propositions: (1) The 
burden of showing that there exists a difference of suffi- 
cient depth to require the division of science into two 
contrasted parts is upon those that make the positive 
claim that there is such a difference; (2) the difference 
must be one as to the nature and laws of the occurrences 
in the two fields. 

11. The most plausible descriptive ground for vitalism 
would be that which maintained that since living things 
have consciousness, while others, so far as we know, do 
not, we have here, eo ipso, a deep-lying difference be- 
tween the two fields; and this quite independently of the 
question whether the activities of living things require 
consciousness for their explanation. Besides the im- 
possibility of demonstrating the presence of conscious- 
ness in living things generally, and its absence in the 
non-living, such vitalism appears quite sterile, since all 
that it would express is now expressed by using the word 
consciousness. 


| 
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Quite a different matter would be the contention that 
the fact of consciousness in organisms requires us to use 
in accounting for their activities different principles from 
those emploved in the inorganic; this comes up at a later 
point. 

12. Other descriptive differences are sometimes urged, 
such as the fact that only among living things exist bod- 
ies that have both individualized forms and complex 
structure. Few, however, consider such differences to 
actually constitute ground for vitalism, though they may 
be held to serve as indices to other differences, that do 
constitute such ground. Such essential differences fall 
in one of the two classes, EF and F, set forth in following 
paragraphs: 


ViratisM Basep ON THE OCCURRENCES IN Livinc THINGS 

13. The differences in occurrences that are seriously 
proposed as a basis for distinguishing vitalistiec from 
physical science appear to fall into two general classes: 

FE. Vitalism based in some way on the appearance of 
new laws of action in living things, although these new 
modes of action depend experimentally on the percep- 
tual’ conditions there found. 

F. Vitalism based on the doctrine that the activity of 
some non-perceptual’ agent must be considered in aec- 
counting for what occurs in living things, so that the per- 
ceptual conditions alone do not furnish unequivocal de- 
termining factors for what occurs (‘‘experimental inde- 
terminism’’). 

14. It may aid in understanding the drift of what fol- 
lows to state first the conclusion to which the analysis 
eomes. This conclusion is that theories of the sort men- 
tioned under F do not make any valid distinction between 
the science of the living and that of the non-living, even 

7 By perceptual or physical condition is meant any condition which could 
be detected by any sort of physical tests, beyond the single effect from 
which its presence is first assumed. This poirt is analyzed in detail in my 
paper in Science of June 16, 1911. 
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if we admit that what they state for the living is correct ; 
this conclusion results from a consideration of the na- 
ture and method of science. Those mentioned under F’, 
on the other hand, if: admitted for living things, make a 
real difference of fundamental character between the two 
fields (unless we admit experimental indeterminism for 
the non-living also). 


E. Vrratism Basep on New Laws or Action ry LIvine 
THINGS 

15. This ‘‘doctrine of organie autonomy’’® is well ex- 
pressed by Lovejoy as follows: 

What the vitalist maintains is that, even given a complete knowledge 
both of all the laws of motion of inorganic particles and of the actual 
configuration of the particles composing a given body at a given eross- 
section of time, you could not from such knowledge deduce what the 
motion of the particles, and the consequent action of the living body, 
would be. 

Lovejoy later continues: 

Again, such a view would not, in itself, deny that the behavior of 
organisms is a funetion of the number and configuration of the material 
particles composing them.* 

16. Now, with regard to all theories fulfilling these con- 
ditions, the essential question is as follows: 

Even if it be granted that under the conditions found 
in living things, the laws of action are diverse from those 
observable in the non-living, does the science of living 
things therefore bear a relation to the rest of science dif- 
fering from that borne by the parts of inorganic science 
to each other? Or would this be merely one example, out 
of many, that from a knowledge of what happens under 
given conditions, it is frequently not possible to predict 
what will happen under other conditions? 

17. An affirmative answer to this latter question will 
take away the ground for dividing science into two di- 
visions, vitalistiec and non-vitalistic, on such a basis. In 
the following it is proposed to examine the main sup- 

§ Science, April 21, 1911. 
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posed grounds for vitalism falling under EF, to discover 
whether they do make distinctions between the sciences 
of the living and the non-living that are essentially di- 
verse from the internal differentiations of inorganic 
science. 

The answer to this question will depend to a certain 
extent at least upon one’s views as to the nature and 
method of progress in science; the way scientific gener- 
alizations (‘‘laws’’) are reached. The questions of vital- 
ism come back so directly to this that the best method of 
exposition will be to take up the nature and method of 
science explicitly. 

18. Formulation of the Work of Science——To under- 
stand the nature of science it is necessary to look at it in 
process of formation: to consider the condition of affairs 
before a given part of science is formulated, and to ob- 
serve how the formulation occurs. To look upon science 
as something done and fixed, in order to grasp its char- 
acter, is most misleading. Yet it is not uncommon. Berg- 
son says, for example, that we necessarily treat the liv- 
ing like the inert, ‘‘ecarrving over into this new field the 
same habits that have succeeded so well in the old; and it 
is right to do so.’’?® But if we look on science as forming 
habits (rather than as exclusively a thing with habits 
formed), there will appear no reason why it should not 
have the same direct and original relation to the living as 
to the non-living, forming its habits on the former as well 
as on the latter. 

19. Viewing the matter in this way, we may say that 
science is a name for humanity’s process of making a 
survey of the universe, with an attempt to formulate the 
results of this survey. So far as it deals with occur- 
rences, we may say that it is an attempt to determine the 
conditions under which things happen. So far as it for- 
mulates its results, it gives ‘‘a series of propositions as- 
serting what under given conditions our experience 


®<“Creative Evolution,’’ p. 195. 
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would be.’’!° Or, since all ‘‘conditions,’’ so far as we can 
deal with them, are experiences, what science tries to 
formulate reduces to propositions of the following form: 

‘When vou have such and such experiences, you will 
have such and such other experiences.’’ 

Thus science is a process of getting varied experiences, 
including the experience of discovering how diverse ex- 
periences are interconnected, and of formulating these 
experiences, particularly the interconnections. 

20. Generalizations, laws, are formulations, of the 
sort characterized above, that cover many experiences or 
things at onee. The possibility of generalizations de- 
pends upon the fact that things which differ in some re- 
spects may be (or act) alike in other respects. This is 
what makes science as a system possible. Everything 
distinguishable is unique in some respect; otherwise, it 
would not be distinguishable; it differs at least in place 
or in time, and so in its relation to the rest of the config- 
uration of the universe, from everything else. But it is 
found that certain of the differences between things do 
not affect certain of their properties or actions, so that 
we do find uniformities in nature. The study of how 
things or processes are determined is largely a study of 
what antecedent differences do, what do not, alter the 
particular succeeding difference in which we are inter- 
ested; or just what succeeding differences they do make. 
But whether a given diversity does affect a given prop- 
erty or action is determinable, in the first mstance, only 
by experience. 

21. Interruption of the Exposition in Order to Make 
the Application of this Point to Certain Doctrines Pro- 
posed as Vitalistic.—The fact that two things which dif- 
fer in some respects act alike in some respects is cer- 
tainly nothing peculiar to living things. On this ground 
I can not see anything vitalistic in any sense, in one of 

Balfour, ‘‘Defense of Philosophie Doubt,’’ p. 181. 

"This formulation of what science tries to do leaves quite open the 


underlying question of how it happens that we should have the experiences 
we do, and so appears to be valid whatever one’s metaphysics. 
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the so-called vitalistic doctrines set forth by Lovejoy. 
This doctrine Lovejoy characterizes as follows: 

There is, however, a doctrine which goes beyond this mere assertion 
of organie autonomy, and declares that (in part) the action of living 
bodies is not strictly a function of the number and spatial configuration 
of the particles composing them at any given instant. In other words, 
organisms not only have unique laws of their own, but these laws ean 
not even be stated in terms of the number and arrangement of the organ- 
ism’s physical components.” 

It is the doctrine that certain vital phenomena are not dependent upon 
“any fixed configuration of material parts existing in the organism or 
cell at the moments at which the phenomena take place ”—. e., that the 
same phenomena occur in a given organism in spite of profound modi- 
fications of the composition and configuration of the parts, through a 
sort of redivision of labor and redistribution of functions among the 
parts that remain.” 

22. In a former paper’ I interpreted the proposition 
quoted above, that the laws of organisms ‘‘can not even 
be stated in terms of the number and arrangement of the 
organism’s physical components,’’ as a statement of 
Driesch’s view, that the organism’s physical components 
fail to include the factors necessary for the determina- 
tion of the diversities that occur, so that the same set of 
perceptual components may act in different ways at dif- 
ferent times (as determined, according to Driesch, by < 
non-perceptual factor), thus giving experimental inde- 
terminism. It appears, however, from the discussion in 
Lovejoy’s later papers'® that he meant merely the fact 
‘that the same phenomena occur in a given organism in 
spite of profound modifications of the composition and 
configuration of the parts.’’ But this can be asserted 
equally as a positive fact for both living and non-living. 
With this interpretation we could in the first of the two 
statements quoted above substitute ‘‘bodies’’ for ‘‘liv- 
ing bodies,’? and have a proposition that holds for 
things in general. An iron body of a certain form moves 
toward the earth. We may change the form in most 


2 Lovejoy, Science, April 21, 1911. Italies in original. 


3 Lovejoy, Science, July 21, 1911. 
14 Science, June 16, 1911. 


% Science, July 21, 1911, and November 15, 1912. 
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varied ways; it still moves toward the earth. We may 
change the material, substituting lead, brass, stone, wood; 
it still moves toward the earth. We may change both 
form and material in most radical ways; it still moves 
toward the earth. Ina clock that keeps time we may sub- 
stitute iron wheels for brass ones; we may remove a 
number of the wheels, and substitute others in different 
number and form and made of different material, and 
still have the clock keep time. A stream that flows to the 
sea will still flow to the sea though its bed be. altered in 
many ways; if obstacles are interposed, it will dig be- 
neath, or overflow, or go around, or carry the obstacle 
away, and finally reach the sea. A microscope bringing 
light to a focus may be made of lenses of different ma- 
terials, in different forms, in different arrangements. A 
diffraction grating may be substituted for a prism, in 
order to separate the rays of light of different velocities. 

23. In all these cases it is evident: (1) that the partic- 
ular changes made are such as do not affect radically the 
particular action in question; (2) we could make changes 
that would alter this action; (3) furthermore, in most 
eases at least, the process gone through does differ in 
certain respects after the change is made, although the 
general result remains the same. Now, precisely these 
same three statements can be made for the phenomena 
in organisms. When we remove a part of the egg of the 
sea urehin, or otherwise alter it, and it continues to de- 
velop, it is evident (1) that the change made is one that 
does not radically affect the development; this is a mere 
statement of the observed facts. But (2) we can readily 
make an alteration that will prevent the characteristic 
action, just as we can in the clock. No one, of course, de- 
nies this: all that is necessary is to remove the nucleus, 
or destroy its characteristic structure; and other changes 
will accomplish the same result. Again, (3) the proc- 
esses after the egg has been altered are somewhat dif- 
ferent from what they were before (as no one denies), 
though the development takes in its main features the 
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same course as before. The parallel appears to be com- 
plete between what happens when the organism is 
changed in ways not essential to its characteristic action, 
and what happens when the same thing is done for an in- 
organic combination. 

24. I therefore quite agree with Lovejoy that when so 
interpreted ‘‘it is surprising that this, of itself, should be 
regarded as violating the rule of causal uniformity.’’!® 
It appears equally surprising that it should be regarded 
as exemplifying something not common in the inorganic. 
To formulate the laws of what happens ‘‘in terms of the 
number and arrangement of the physical ecomponents”’ 
requires, for organic and inorganic equally, that we 
should reeall that different sets of physical components 
often give the same laws (at least in main features) ; and 
the scientific procedure, in both fields, is to determine ex- 
perimentally what alterations do, what do not, make a 
difference in the particular feature in which we are in- 
terested. Such an experimental analysis is (in large 
measure at least) equally practicable in the non-living 
and the living, and it has been successfully carried far in 
the latter. I therefore do not see how vitalism of any 
kind can be based on this state of affairs. 

25. The vitalism of Driesch is based, not on the gen- 
eral principle, as interpreted above, but upon certain 
very special conditions which he believes can be demon- 
strated to exist in organisms, and which, in their special 
nature, render it impossible that the organism should 
continue to act in the ‘‘normal’’ way after division, ex- 
cept as some non-perceptual agent of a peculiar char- 
acter acts as a determining factor. The concrete reason- 
ing leading to this view is summarized in section 42 of 
the present paper. 

26. Resumption of the Exposition of the Work of Sci- 
ence.—After we have had certain experiences of things 
and their interconnections, we can use these in prediction; 
indeed, the formulated scientific statement is in most 


* Lovejoy, Science, July 21, 1911. 
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cases essentially a prediction, for it says that if vou get 
one set of experiences, you will have another also. But 
the prediction is made on the basis of experience already 
had. It could not be predicted without experience that 
the union of C, H and O in certain proportions will give 
the characteristic properties of the alcohols. There is 
no a priort reason that can be given for the appearance, 
in the first instance, of these characteristics. Yet we can 
use the experienced fact that they do appear in further 
prediction or explanation of what occurs under certain 
conditions. We learn by experience in the aleohol series 
what effect is produced by adding certain radicals; after 
this we can predict what effect such addition will have, 
provided other conditions do not alter the case. Whether 
any given set df the other conditions will alter the case 
can again be determined, in the first instance, only by 
experience. 

This is certainly typical for the actual process of 
building up a large part of science. For such parts the 


fact of special importance here is the one last stated: 


Whether any given change in the conditions will alter 
the action can be determined, in the first instance, only 
by experience. This is exemplified in multitudes of in- 
stances by physical science, especially in the cases of 
‘‘eritical points.’’? By numerous observations it is de- 
termined what progressive change in the properties of a 
substance is made by a certain amount of change in some 
condition, as temperature. A general law can be de- 
duced which, since it works regularly so far as observed, 
would naturally be extended to include changes in parts 
of the scale not observed. But this would give false re- 
sults, for at a certain point the characteristics suddenly 
change, becoming totally diverse from what they were, 
as in solidifying or vaporizing. Such sudden changes are 
most marked in chemistry. We have two substances 
mixed together, as H and O. We observe and formulate 
the changes they undergo as certain conditions are grad- 
ually changed. But at a certain point in this gradual 
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change of conditions, the characteristics of the two sub- 
stances alter radically, in a way quite diverse from that 
which our formulation hitherto has given us; in place 
of the two gases H and O there appears, for example, 
water. The science of chemistry deals with multitudes 
of these sudden changes, which are quite out of line with 
what is observed before precisely the necessary condi- 
tions are reached for producing them. 

27. Now, among the things which have to be learned 
empirically are the effects of configurations. This is 
true even on the most strictly mechanistic view. The 
laws of the motion of a body when the configuration is 
such that forces from two other bodies act upon it at 
right angles had to be learned by experience. before they 
could be used in prediction. By varying the position of 
the bodies, the angles of the directions of the forces, the 
number of bodies or forces, ete., the laws of such varia- 
tions were worked out, till now we have an extensive 
system that can be used in prediction. In chemistry we 
have a set of rules as to the effects of configuration that 
are not apparently continuous with the rules obtained 
in the way just set forth; the rules for the results when 
H and O are in one combination or another; when C, H 
and QO, are in one configuration or another, had to be 
learned by experience in each case. We have thus in this 
direction a large store of propositions regarding config- 
urations, that may be used in prediction. But for what 
will happen under any configuration never before ex- 
perienced the only test is experience. It would have been 
quite impossible, for example, from a knowledge of what 
happens in the configurations given by the compounds of 
copper to predict the laws for the configurations given 
by compounds of carbon. 

28. Application to the ‘‘Doctrine of Organic Auton- 
omy.’’—This asserts, as we have seen, that with a knowl- 
edge of ‘‘all the laws of motion of inorganic particles 
and of the actual configuration of the particles compos- 
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ing a living body,’’ one could not deduce the action of 
the living body. 

Now, the configurations in living things are either the 
same as those in the non-living or they are different. If 
they, and all other conditions, are the same, and yet’ we 
get different results from them, then the uniformity of 
nature fails, and we drop into indeterminism. On the 
other hand, if they are different, then according to pre- 
cisely the principles and practise of inorganic science, 
this different configuration is a matter whose conse- 
quences are to be learned only by experience. After it 
has been learned by experience it is a datum to be em- 
ployed in prediction, exactly as are the corresponding 
data of inorganic science. The process of acquiring and 
using the knowledge is the same as that employed 
throughout the rest of science. To divide science into 
two divisions because the processes are the same in the 
two appears contrary to reason. 

29. The thing that would show that the occurrences 
proceed on different principles in the two cases would be 
to discover that the same combinations acted differently 
in the two fields, for the fact that things in one configu- 
ration do not behave as they do in another is illustrated 
thoroughout inorganic science. The arguments for vital- 
ism appear to lead, if maintained in a form such as to 
show a real difference in principle between living and 
non-living, almost always thus directly to indeterminism. 

30. The strict mechanical theory holds that when we 
have gained an acquaintance with the elementary par- 
ticles and with certain of the laws of their movements, 
combinations and interactions, we have experienced in 
principle everything that may occur, so that anything 
else which occurs can be expressed in terms of what we 
have already discovered. Thus, if we could be informed 
of the nature of the elementary particles and of their 
configuration in a living body, we could predict its action 
without acquiring further empirical knowledge. 

31. But suppose that we discovered and could demon- 
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strate that in some of the configurations shown by living 
things, the particles move differently from their move- 
ments in the configurations dealt with hitherto in me- 
chanies. This would simply show that the theory was 
in error which held that all possible effectively different 
configurations had in principle been experienced. It 
would leave us in the same condition that science would 
have been in if men had tried to predict the results of all 
configurations before the effects produced when two 
forees act at right angles had been experienced. To 
make the experience fuller, so that prediction would be 
possible, would require merely the extension of the same 
process used in getting the fundamental data of mechan- 
ics. The fact that some men supposed that they had 
gotten all the possible different sorts of experience when 
they had not seems no ground for dividing science into 
two contrasted parts; particularly when the second sup- 
posed part is built by a continuation of the process that 
produced the first. 

32. While the considerations just set forth appear the 
decisive ones, certain other points may be noticed. The 
mechanical theory that from our knowledge of inorganic 
particles, their combinations and movements, we could 
predict behavior under all conditions that can be stated 
is one that, as matter of fact, can not be verified either 
for the inorganic or the organic. It may be held that 
perhaps the reason for this is that we do not vet know 
the conditions accurately enough to apply the laws of 
mechanics. But this answer can be given with equal 
force for the organic and the inorganic. To make excep- 
tions to the mechanical theory largely destroys its raison 
d’étre; for it is commonly held, not because it can be 
demonstrated, but because it furnishes a theoretically 
universal formula. If we fall back on the empirical evi- 
dence, we find difficulties of exactly the same character 
in applying the mechanical view to chemistry as to biol- 
ogy. There appears in the evident fact that the mechan- 
ical theory is as vet equally inadequate in the two fields 


| 

| 
| 

| 

| 

| 

| 


No. 559] DOCTRINES HELD AS VITALISM 401 


no ground for making a fundamental distinction between 
them. 

33. A very subordinate additional possible ground for 
vitalism may be mentioned here. It may be held that 
combinations which have in fact never been produced 
before are frequently appearing in living things. This 
idea seems possibly in part the basis of Bergson’s vital- 
ism. Owing to the almost infinite number of variable 
factors involved in biological processes. it appears not 
improbable that this state of affairs actually holds. This 
might make it quite impossible to predict some of the 
things that will occur in biology, even with a knowledge 
of everything that had gone before; since the only test 
for what a new configuration will produce is experience. 
Does this constitute a basis for division of science into 
vitalistic and non-vitalistic? Apparently not. Suppose 
that a given previously unpredictable thing occurs, as a 
result of a configuration that had not before been real- 
ized. Suppose this be therefore accounted a vitalistic 
process. Now, suppose that after the lapse of time the 
same configuration recurs, and thus the same thing 
happens. It would now be no longer vitalistic. But the 
mere difference between a process that occurs once and 
the same process if it occurs again can hardly be consid- 
ered sufficient for separating science into two divisions 
differing in fundamental principles. Just how many 
times a thing occurs seems rather irrelevant to the na- 
ture of the process, or to the nature of the science with 
which it deals. 

On the other hand, if the same combination later re- 
curred and did not give the same results, then indeed 
would we have a new principle involved; at the same time 
we should have to follow Bergson into indeterminism, 
the natural terminus of vitalistie theories. 

34. Psycho-vitalism and Finalistic Vitalism.—These 
two doctrines differ, but for our present purposes they 
may be dealt with together. The former holds that the 
fact of consciousness in organisms requires us to use dif- 
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ferent principles for explaining what occurs in them from 
those employed in the inorganic; maintaining that in ex- 
plaining movements consciousness must be substituted 
on the same footing of effectiveness for physical deter- 
mining factors. Finalistic vitalism makes a similar 
claim for the emplovment of the end or purpose of a 
process, in explaining what happens. 

In regard to both these doctrines, it appears that we 
are confronted with the same dilemma that we meet in 
other cases. Either for all diversities in physical action 
we can find antecedent physical diversities which are 
uniformly connected with the succeeding ones, so as to 
furnish a causal explanation for the latter, or we can not. 
In the former case a complete account or explanation of 
the processes can be given on the same principles as in 
all experimental science, so that there is no ground for 
separating off these processes in a’ special division of 
science. In the latter case we fall again into physical 
and experimental indeterminism; from the same phys- 
ical conditions diverse physical results may follow, de- 
pending upon diversities in some factor not physical. 
This I should admit to be valid vitalism; it illustrates 
the way a vitalistic argument appears to wind up almost 
inevitably at experimental indeterminism. 


F. Viratism Basep oN THE DoctrRINE THAT A NON-PER- 
CEPTUAL AGENT TAKES AN ACTIVE Part IN THE 
Processes IN Livine Turnes, ALTERING 
WHAT THE PERCEPTUAL CONDITIONS 
ALONE WOULD PRODUCE 

30. The doctrine that a non-perceptual vital agent (as 
consciousness, purpose, entelechy) actively intervenes 
in the processes of organisms is at once the archetype 
and culmination of vitalistic doctrine; the one fully 
worked out exemplar of this type is the system of Driesch. 

36. My analysis leads me to agree fully with Driesch 
that only by such active or dynamic vitalism is a real dif- 
ference in principle made between the science of the oc- 
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currences in organisms and that for the inorganic. The 
change of Driesch’s views on this point is worth sketch- 
ing, as the type of the logical development of an attempt 
to establish a valid difference in principle between the 
living and the non-living. Driesch’s earlier attempts in 
this direction (in his ‘‘Die Biologie als selbstandige 
Grundwissenschaft’’ (1893), and the ‘‘Analytische 
Theorie der Organischen Entwicklung’’ (1894)), con- 
sisted in the advocacy of a ‘‘static teleology’’ for de- 
velopment; holding that purposiveness is shown, but this 
is ‘‘given’’ in the original structure of the egg, as that 
of a machine may be said to be given in its structure. 
But for the detailed analysis of the changes that occur, 
in the egg as in the machine, he held that perceptual de- 
termining conditions could be found for everything that 
happens: 

We even expect from the future that these analyses will be constituted 
of entirely clear and definitely perceptual (greifbaren) chemical, phys- 
ical and structural elements, and that within the analysis there will not 
be found even the slightest appearance of the teleological view-point.” 

37. But later Driesch became convinced that by such 
a descriptive or static theory the autonomy of life proc- 
esses is not demonstrated, and he thereupon turned to 
an active or dynamic vitalism, in which the vitalistie 
agent alters the physical processes occurring. The steps 
by which his opinion on this matter became changed are 
fully and explicitly set forth in the paper on ‘‘Die 
Maschinentheorie des Lebens’’ (1896) and that on ‘‘Die 
Lokalisation morphogenetischer Vorgiinge’’ (1899). In 
the former paper he remarks that in his earlier theoret- 
ical papers, ‘‘I saw the specifically biological feature of 
organic processes in a given order or structure, as I 
called it; in something ‘static’; biology was for me in 
this sense tectonics.’’!8 In the latter paper, after stating 
this point again, he remarks, ‘‘I hardly need to empha- 
size the fact that I have now abandoned this standpoint’’ 


"Translation from ‘‘ Analytische Theorie der Organischen Entwicklung,’’ 
1894, p. 149. 
8¢ Tie Maschinentheorie des Lebens,’’ Biol. Centralbl., 16 (1896), p. 363. 
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(p. 36); he insists on the need, if vitalism is to be dem- 
onstrated, of showing that a vitalistic agent is at work 
at particular steps of the occurrences. In a general 
theoretical paper of 1902 he says, ‘‘But such a descrip- 
tive teleology as I have myself formerly held has noth- 
ing to do with the assertion of real autonomy of the life 
processes.’’!® This distinction between static and dy- 
namic theories has been maintained by Driesch ever 
since; it is emphasized in ‘*The Science and Philosophy 
of the Organism’’ (II, p. 136, ete.), statie teleological?’ 
theories not leading to vitalism, while dynamic theories 
do so. 

The true problem is: by what single acts does the restoration of 
“ equilibrium ” take place here, especially in those eases in which it is 
proved that entelechy is at work, and that physicochemical diversities 
and potentials are not able to offer a sufficient explanation of what 
happens.” 

Driesch answers this question by holding that a non- 
perceptual vitalistic agent may actively intervene at cer- 
tain steps in the processes, altering what would other- 
wise occur. The method by which this agent operates we 
shall take up in a moment. 

38. Now, it results from the occasional** active inter- 
vention of such a non-perceptual agent that the same 
physical combination may give sometimes one physical 
result, sometimes another, depending upon whether, and 

Beweise fiir die Autonomie von Lebensvorgiingen,’’? Separatab- 
druck aus: Verhdlg. des V. Internat. Zool. Congress, p. 2. 

*“It is to be noted that Driesch’s vitalistie doctrines are throughout 
teleological; it is only the difference between ‘‘static’’ and ‘‘dynamic’’ 
that determines whether a given one of these doctrines asserts ‘‘a real 
autonomy of the life processes.’’ 

*1¢*Science and Philosophy of the Organism,’’ II, p. 177. 

*Driesch does not hold that this agent is active in all the processes in 
organisms—so that it is by no means a mere name for the aggregate or 
unity or consequence of the physical conditions present. ‘‘We know 
already that not every event that takes place during morphogenesis and 
metabolism is the direct outcome of entelechian acts’’ (‘‘Science and 
Philosophy of the Organism,’’ IT, p. 150). He does to death ‘‘any theory 
which tries to make entelechy arise as a new elemental consequence of some 


constellation’’ of physical conditions: ‘‘entelechy can not be regarded as 
arising from material conditions of any sort’’ (ibid., p. 254). 
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how, the non-perceptual agent takes part in the process. 
This being so, it would evidently be impossible from a 
complete knowledge of all the physical or perceptual con- 
ditions to predict what would result from a given situa- 
tion, even after one had once experienced it. In a previ- 
ous paper,2* I have characterized as experimental inde- 
terminism this condition of affairs, in which, in the words 
of Driesch ‘‘Two systems absolutely identical in every 
physico-chemical respect, may behave differently under 
absolutely identical conditions, in-case that the systems 
are living systems’’;?* and have pointed out that for the 
work of the investigator experimental indeterminism 
presents the same practical situation as would absolute 
indeterminism. 

39. It would certainly be difficult to imagine a more 
fundamental difference, either theoretical or practieal,. 
between two divisions of science, than that resulting 
from the acceptance of experimental indeterminism, 
along with the determining activity of a non-perceptual 
agent, for the living; science might well be divided into 
two contrasted parts, vitalistie and non-vitalistie, on 
such a basis.2° Furthermore, as I have already set 
forth, this appears to me the form to which all vitalistie 
doctrines come, if they make any really valid distinction 
in principle between the sciences of the living and the 
non-living. It is perhaps worthy of note in this connec- 
tion that the two most influential systems of vitalism at 
the present time—that of Driesch and that of Bergson 
—are avowedly such systems of indeterminism, either ex- 
perimental or absolute.*° 

Science, June 16, 1911. 

** See Jennings, Science, October 4, 1912. 

* Unless indeed it be maintained that such indeterminism holds also for 
the inorganic—certainly not a widespread doctrine. 

** Bergson’s views are not, like those of Driesch, put in such clear form 
thet it is easy to perceive just wherein the indeterminism lies, or whether 
the word as he employs it has any precise meaning. Apparently, how- 
ever, the ground for Bergson’s indeterminism is the idea that time makes a 
change in the action of things, without at the same time necessarily 
changing the physical substratum of such action. This appears to give the 
equivalent of experimental indeterminism. 
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40. The inquiry remains as to the grounds for this 
proper form of vitalism, based on the active interven- 
tion of a non-perceptual agent, and involving experi- 
mental indeterminism. Many doctrines of this char- 
acter appear as mere general reflections, with no attempt 
at precise formulation of grounds and consequences; to 
the critic they are intangible. Driesch deserves the 
gratitude of all students of such matters for working 
out in full such a doctrine; for showing us whither such 
a road leads. The complex hierarchy of non-corporeal 
entities at which Driesch arrives, and which appears so 
fantastic to some critics, is the logical result of this full 
working out; persons who hold to the intervention of a 
non-perceptual agent, but refuse to draw the further 
consequences of such a doctrine, have no just ground 
for criticism until they have shown how such interven- 
tion can intelligibly produce the results it does without 
such a system as Driesch sets forth. 

41. With the details of that svstem we shall not deal, 
but examine only the basis for the fundamental assump- 
tion. What ground is there for supposing that situations 
do oceur which involve experimental indeterminism, 
and consequently the activity of a non-perceptual agent? 

42. The concrete grounds which Driesch sets forth 
may be summarized as follows, taking the argument 
from development as a type. Driesch holds (1) that in 
order that what is produced should be determined by 
physical factors, it can be demonstrated that the egg 
would have to be a complex machine, with ‘typical’ di- 
versities in the three directions of space, these diversi- 
ties being necessary for the production of organisms dif- 
ferentiated in the three directions of space; (2) that a 
machine with such necessary typical diversities can not 
be divided in any plane you please and the pieces con- 
tinue to act as did the whole machine (for the pieces 
would of course lack some of the necessary typical dif- 
ferentiations). Therefore (3) what the egg produces 
ean not be determined (alone) by physical diversities in 
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space, but must be determined by the differentiations of 
some complex, but non-spatial, non-perceptual agent 
(for, being non-spatial, such an agent is not altered bv 
division, as the physical machine is). 

43. The further development of Driesch’s system con- 
sists in working out logically, with extreme acuteness 
and subtlety, the characteristics of this complex, non- 
spatial agent, to which Driesch gives the name entelechy. 
We may take his conclusions as showing to what doc- 
trines such a view leads. What we are now interested 
in is this; just where and how would arise situations in- 
volving experimental indeterminism? 

44. Driesch sets forth that a physical system without 
entelechy acts differently from the same system with it: 
‘‘a material system in space left to itself will behave 
differently from what it would if controlled by entel- 
echy ;’’?" ‘‘without entelechy there would be other chem- 
ical results,’’*5 ete. 

45. Now, precisely how does entelechy take hold to 
alter the action that would otherwise occur? So long as 
a vitalistic theory remains vague and refuses to specify 
the precise difference between the action if it holds and 
the action if it does not hold, we lack the essential point 
for forming a judgment of it. Driesch deserves the 
highest credit for recognizing this, and refusing to take 
refuge in vagueness; he attempts to show just how the 
vitalistic agent may act. 

The general condition for anything to happen in the 
universe is, that uncompensated differences of intensity 
(of energy, ete.) exist; if two unequal ‘‘forces’’ act 
against each other, movement occurs in the direction of 
the greater, ete. 

Now, just what entelechy does, according to Driesch, 
is to compensate some of the existing differences of in- 
tensity—thus holding back the action that would occur 
—and later to release that which was held back. This is 


77 ¢<Seience and Philosophy of the Organism,’’ II, p. 336. 
* Ibid., p. 254. 
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said to happen mainly or only ‘‘in the spheres of chem- 
ical and of aggregative events,’’?° these of course com- 
prising most of what happens within organisms. 

But entelechy is able, so far as we know from the facts concerned in 
restitution and adaptation, to suspend for as long a period as it wants 
any one of all the reactions which are possible with such compounds as 
are present, and which would happen without entelechy. And entelechy 
may regulate this suspending of reactions now in one direction and now 
in another, suspending and permitting possible becoming whenever 
required for its purposes.” 

This is the only thing that entelechy can do.*! 

46. It requires little thought to perceive how power- 
ful such an agent would be. In a cell containing chem- 
icals a, b, ec, d, ete., all of which tend to interact, it could 
allow a and ¢ to unite, but prevent a and d, ete. If our 
four chemicals were H,SO,, HCl, NaOH and KOH, such 
an agent could restrain the union of H,SO, and KOH, 
and of HCl and NaOH, permitting the rest; as a result 
we should get a certain set of compounds. Or, if en- 
telechy restrained others, we should get a different set 
of compounds from the same chemicals. If an organism 
swallowed poison, or if poison were in any way pro- 
duced within its tissues, this agent could hold back the 
action of the poison on the tissues, so that the organism 
would be unharmed, until it had had time to eliminate 
these poisons through its exeretory apparatus. If one 
of the two cells of an egg contained all the conditions re- 
quired for producing both the anterior and the posterior 
part of the body, such an agent could hold back one set 
of processes and permit the other, thus deciding which 
part of the body should be produced. Or if the egg con- 
tained all conditions necessary for producing both a 
starfish and a sea urchin, such an agent could in this way 
decide which animal should be produced. If an organ- 
ism contained the conditions necessary for producing 


180. 
12. ¢c., pp. 178, 180, 185, 187, ete. 
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any of the actions of which men are capable, this agent 
could determine which actions would occur. 

47. In such suspension of action entelechy transforms 
kinetic energy into potential energy; stopping a move- 
ment, the energy of the latter becomes potential (instead 
of being dissipated as heat, as is usual in stoppages that 
occur through other agencies). Later the movement can 
continue again, the potential energy being reconverted 
into kinetic.** Thus there is no offense to the principle 
of the conservation of energy; this is the reason why the 
action of entelechy is to be conceived in this precise way. 
Driesch takes up the case of a moving element having a 
mass m, and shows just how the process would work; 
the kinetic energy ‘‘is transformed into an equivalent 
amount of ‘potential’ energy located at the place of m 
and kept there till it is set free, that is, transformed into 
kinetic energy’’* again. 

48. Now, this portrays clearly the situation that in- 
volves experimental indeterminism. Consider this mass 
m, moving at a certain speed. It is stopped in a certain 
position by entelechy; its kinetic energy is converted into 
potential. Another body of the same mass lies in the 
same relative position; it has not been stopped by en- 
telechy. The two masses are alike in all respects, but 
one contains a great amount of potential energy, the 
other none. There is no way of caleulating from the 
position and the mass the amount of energy contained. 
If we studied one and determined its potential energy 
experimentally, we could tell nothing as to the potential 
energy of the other, though the two were perceptually 
alike in all respects. One would lie quiet; the other, on 
being released by entelechy, would proceed on its way 
with all the energy that it had before possessed. 

This situation would be striking in the case of chem- 
ical reactions. Two substances, a and b, are in juxtapo- 
sition, under given external conditions. They do not 

227, ¢., pp. 219-221. 

C5 pe 220: 
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unite, being restrained by entelechy. Again, the same two 
substances are in juxtaposition, under the same condi- 
tions. This time they do unite, not being restrained by 
entelechy. If we have several chemicals in juxtaposi- 
tion, the variety of results obtainable as a result of se- 
lective suspension by entelechy would be very great. By 
studying what happens under given conditions in one or 
several cases, one could discover no rule that would 
hold, as to what would happen under the same conditions 
in another case. 

49. It is evident that the conditions set forth by 
Driesch for the operation of entelechy are present in 
every organism, and in every cell of every organism. 
Thus if the experimenter on organisms reaches different 
results in different cases, he may be quite on the wrong 
track in searching for some perceptual difference in the 
two cases; the diversity of results may be due to the di- 
verse operation of entelechy on perceptually identical 
systems. This Driesch fully recognizes, as the quota- 
tion given in section 38 shows; other statements to the 
same effect, such as: ‘‘I reject absolute indeterminism, 
but accept experimental indeterminism,’’ are quoted in 
a former paper.** 

50. It will be observed that the acceptance of experi- 
mental indeterminism is a necessary consequence of the 
exposition of the work of entelechy given in the ‘‘Science 
and Philosophy of the Organism.’’ But apparently this 
is an undesigned consequence; what the author at- 
tempted to establish is the activity of the non-perceptual 
agent, and he is merely compelled to accept experi- 
mental indeterminism into the bargain, apparently with 
some reluctance. He has not, so far as I know, touched 
in his published works upon the difficulty for experimen- 
tation induced by this condition of affairs.2° He now, 


% Science, October 4, 1912. 

% The quotations from Driesch on experimental indeterminism given in 
this and former napers are from letters, and are published with his 
permission. (But see note at end of this paper.) 
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as Lovejoy has recently set forth,?® endeavors to mini- 
mize the difficulties presented to the experimenter by this 
condition of affairs, holding that ‘‘practically experi- 
mental indeterminism is not a great danger for science.”’ 

51. Certainly such a conclusion can not be deduced 
from the arguments advanced by Driesch while endeav- 
oring to establish the activity of his non-perceptual 
agent. ‘‘Chemical and aggregative events,’’ which he 
holds to be the sphere of operation of entelechy, com- 
prise most of the events taking place in organisms, and 
if ‘‘entelechy is able ... to suspend for as long a period 
as it wants any one of all the reactions which are pos- 
sible with such compounds as are present, and which 
would happen without entelechy,’’ ete., no experiment in 
biology fails to present the conditions for the interfer- 
ence of entelechy. Hence the experimenter must always 
be in doubt as to whether it is worth while to search for 
preceding perceptual differences determining different 
results in two experiments. Just so far as it does pre- 
sent such difficulties for experimentation, and no farther, 
is there basis for such a determining activity of a non- 
perceptual agent as set forth in Driesch’s vitalism. 

52. But is there reason to believe that if we could actu- 
ally perceive all potentially perceptual diversities, we 
should really ever find that two systems identical in all 
perceptual factors behave differently? To me it ap- 
pears that there is none; and that, so far as develop- 
ment goes, it can be asserted that for every case cited 
in support of vitalism in which diversities of develop- 
ment arise, definite preceding perceptual diversities can 
be pointed out, which experimentally determine the later 
diversities. I question whether any one would attempt 
to cite a case in which this can not be done. If this be 
the state of the case throughout, then empirical demon- 
stration of experimental indeterminism is impossible, 
for no case of it ever arises. 

53. If this be true, it seems important for forming a 


3° Science, November 15, 1912. 
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judgment of the validity of this sort of vitalism. Now, 
it appears to me that in his recent attempt to show that 
such vitalism does not seriously affect experimental 
science—in the letter quoted by Lovejoy—Driesch in ef- 
fect admits this; pulls the empirical foundations from 
beneath his theory, so far as they depend on the oecur- 
rence of any particular cases in which two perceptually 
similar systems behave differently, and is left in the posi- 
tion of maintaining in general what he denies for all 
particular cases; at least he saves himself from this 
position only by the expedient of asserting the ‘‘verv 
great probability’? of certain conclusions, in place of 
their certainty. The passage lends itself so fully to the 
arguments of those convinced that any doctrine involv- 
ing experimental indeterminism has no sound basis that 
I should have hesitated to make use of it until similar 
statements were incorporated into some formal publica- 
tion by Driesch, save for the fact that, with Driesch’s 
permission, it has already been given currency by Love- 
joy" The passage is as follows: 

Practically, we may say that complete knowledge of the physico- 
chemical constitution of a given egg in a given state and of the behavior 
following this constitution in one ease implies the same knowledge for 
other eases (among the same species) with a very great probability. 
But this is a probability in principle and ean never be more. It would 
not even be a probability in the ease that we did not know the origin 
viz.: that this egg is 


(or history) of the “ given egg in a given state,” 
the ege, say, of an ascidian. But to know this “ history ” or “ origin ” 
is, of course, already more than simply to know “ the physico-chemical 
constitution ”’ and its consequences in one ease (which suffices in the 
realm of the inorganic). 

It may be that the eges of fishes, echinoids and birds are the same in 
all essentials of the physico-chemical constitution. There happens 
something very different in the different cases on account of the different 
“ entelechies.” 

In spite of this; we know what will happen with great probability 
from one ease, if you know that this egg “ comes from a bird ” and that 
the other “ comes from an Echinoid.” (I, intentionally, leave out of 
account here the existing differences in size, shape, ete., of the eggs in 


question; these may be not among the “ essentials.’’) 


* Science, November 15, 1912. (See note at end of the present paper.) 


| 
| 
| 


No. 559] DOCTRINES HELD AS VITALISM 413 


Therefore: practically “experimental indeterminism ” is not a great 
danger for science. 

54. There are here two main points that are of inter- 
est in the present connection. 

(1) In the ease of comparing eggs from the same or- 
ganism, evidently the situation resulting in experimental 
indeterminism never arises so far as the ‘‘very great 
probability’’ is realized. Thus the differences in the de- 
velopment of different cells of the sea urchin egg, or of 
fragments of Tubularia, or of the ascidian, on which 
Driesch bases so largely his vitalism, are all due experi- 
mentally to perceptual differences in the conditions, so 
that so far as experimental explanation goes, they are 
accounted for in the same sense that anv diversity of 
action is accounted for in the inorganic world. 

The only escape from this lies in Driesch’s substitu- 
tion of ‘‘very great probabilitv’’ for certainty. The 
special grounds for this substitution are not evident. 
Even with regard to inorganic events, no man can say 
absolutely that what has happened under given condi- 
tions will ‘‘certainly’’? always happen under the same 
conditions; for the only test of this is experience, and 
some cases are not vet experienced. But no distinction 
along this line between organic and inorganic is evident, 
when once a ‘‘very great probabilitv’’ is admitted for 
the organic.** 

Those who begin by assuming intervention by a non- 
perceptual agent might argue that under the same con- 
ditions throughout, the purposes of entelechy would al- 
ways be thie same, hence it would always cause the same 
things to be done under the same conditions. But this is 
merely another way of admitting that no cases showing 
experimental indeterminism ever occur. 

(2) With regard to eggs from diverse organisms there 
are two main points: 

(a) The distinction made between knowing the his- 
tory or origin, and knowing the physico-chemical consti- 


* But see note at the end of this paper. 
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tution signifies the following experimental situation. If 
an experimenter could have the egg of a starfish and 
another of a sea urchin presented to him, knowing noth- 
ing of their origin, could examine each so thoroughly as 
to perceive all the perceptual characters, all the physical 
diversities well known to exist between the two, and 
could observe that one develops into a starfish, the other 
into a sea urchin—he could not predict, when a similar 
pair are again presented, which would produce a starfish. 
which a sea urchin (although it is admitted that he could 
if he knew the origin of the two). Is there any plausible 
ground for such a proposition? 

(b) As between these eggs from different organisms, 
the assertion is that the diversities in what occurs are 
not due to the present and observable differences in 
physical constitution, these differences being supposedly 
‘‘not among the essentials.’ 

Now, this abandons experimental evidence and all 
possibility of such, for it is well known that the eggs of 
different organisms do show differences in constitution, 
and that these differences are followed regularly by dif- 
ferences in what happens, which is all that experimental 
science can discover. 

55. The result of these two admissions is then to leave 
without any possible empirical basis the idea that two 
perceptually identical systems can give diverse results, 
save only if there are ever cases with eggs of the same 
organism where the ‘‘very great probability’? spoken of 
is not realized. All admit that the eggs of diverse or- 
ganisms are perceptually diverse; Driesch admits that 
the eggs of the same organism always do the same thing 
under the same conditions ‘‘with very great probabil- 
ity.’’ Nothing then is left, so far as development is con- 
cerned, but the substitution of this ‘‘very great probabil- 
ity’’ for ‘‘certainty,’’ as a basis for the idea that an ex- 
perimental, perceptual, cause is ever lacking for any di- 
versities in result; and so for that kind of vitalism which 
requires and depends upon experimental indeterminism. 
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SuMMARY 

In conclusion, the point of view developed in the fore- 
going may be briefly characterized and compared with 
that presented in certain other discussions. It agrees, 1 
take it, with Lovejoy, Spaulding, and others, in admitting 
the possible validity of a ‘‘vitalism’’ that makes no dis- 
tinction between the science of the living and that of the 
non-living, holding merely that mechanistic formulation 
i» not adequate to nature in general; such ‘‘vitalism’’ 
being synonymous with ‘‘energetics’’ or ‘‘temporalism,”’ 
or some similar doctrine. Confusion of such a doctrine 
with a vitalism that holds to a deep-lying distinction be- 
tween the science of the living and that of the non-living 
is a common source of misunderstanding. 

As to doctrines which attempt to make such a deep 
lying distinction, dividing science into two contrasted 
kinds, vitalistic and non-vitalistic, it farther admits (with, 
I judge, Lovejoy, Bergson, Woodruff, Ritter, Spaulding, 
Glaser and others) that configurations perhaps exist in 
the living, whose laws of action are not predictable from 
a formulation of what happens in configurations occur- 
ring in the non-living. But this is held to be merely an 
example of a general principle, equally well exemplified 
when diverse inorganic configurations are compared: 
from formulating the action of one configuration, that of 
another can not be predicted with certainty, until its ac- 
tion has also been experienced; this continual recourse 
to observation and experiment being one of the essen- 
tial features of science in general. Hence it holds that 
such facts present no ground for dividing science into 
two divisions, vitalistic and non-vitalistic; but also that 
study of the organic configurations of matter gives re- 
sults that are as fundamental as the study of inorganic 
configurations; results which no exclusive study of the 
latter could ever supply. Parts of biology are therefore 
‘‘antonomous”’ in the same sense, and in no other sense, 
that the science of the compounds of carbon is autono- 
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mous in comparison with that of the compounds of 
copper. 

It thus holds, in agreement with Driesch, that any 
‘‘statie’’ doctrine, in which admittedly the perceptual 
conditions determine what happens in the living system, 
does not make a difference in principle between the laws 
of the living and those of the non-living; but that to make 
such a difference, it must be held that the same condi- 
tions may act diversely in the two fields; thus giving rise 
to experimental indeterminism (and perhaps to the as- 
sumption of a non-perceptual factor for determining the 
diversities not otherwise accounted for, as in the vital- 
ism of Driesch). But it holds (I take it with Lovejoy, 
Glaser, Woodruff, Spaulding, Sumner and_ perhaps 
most investigators) that we do not have grounds for 
supposing that such a condition exists; and that even 
Driesch’s presentation results in the non-existence of 
any actual cases of experimental indeterminism. 

Note.—Since this paper was written Driesch has published an article 
(‘‘Ueber die Bestimmtheit und die Voraussagbarkeit des Naturwerdens,’’ 
Logos, Bd. 4, 1913, pp. 62-84) in which he (1) states clearly his acceptance 
of experimental indeterminism for the organic (p. 65); and (2) attempts 
to show that the grounds for substituting very great probability in place of 
certainty are stronger for the living than for the non-living. The argument 
on this second point is a somewhat abstruse one, based on certain conse- 
quences held to flow from the concept of individuality. 


BOOKS AND PAPERS REFERRED TO 
Balfour, A. J. 
1879. A Defence of Philosophie Doubt. 
Bergson, H. 
1911. Creative Evolution. 407 pp. New York. 
Biitschli, O. 
1901. Mechanismus und Vitalismus. 107 pp. Leipzig. 
Driesch, H. 
1893. Die Biologie als selbstiindige Grundwissenschaft. 61 pp. 
Leipzig. 
1894. Analytische Theorie der organischen Entwickelung. Leipzig. 
1896. Die Maschinentheorie des Lebens. Biol. Centralblatt, Bd. 16, 


pp. 353-371. 

1899. Die Lokalisation morphogenetischer Vorgiinge. Ein Beweis 
vitalistischen Geschehens. 82 pp. Leipzig. (Also, Arch. f. 
Entw.-mech., Bd. 8, pp. 85-111.) 


| 
| 
y 


No. 559] DOCTRINES HELD AS VITALISM 417 


1902. Zwei Beweise fiir die Autonomie von Lebensvorgiingen. 12 pp. 
Sonderabdruck aus: Verhdlg. des V. Internat. Zoologen-Con- 
gresses. 

1908. The Science and Philosophy of the Organism, Vol. 2. 381 pp. 
London. 

Glaser, O. 

1912. Is a Scientific Explanation of Life Possible? Popular Science 
Monthly, July, pp. 78-89. 

1912. Reflections on the Autonomy of Biological Science. AMERICAN 
NATURALIST, Vol. 46, pp. 712-728. 

Jennings, H. S. 

1911. Vitalism and Experimental Investigation. Science, Vol. 33, 
pp. 927-932. 

1912. Driesch’s Vitalism and Experimental Indeterminism. Science, 
Vol. 36, pp. 434-435. 

Lovejoy, A. O. 

1909. Review of Driesch, ‘‘The Science and Philosophy of the Organ- 
ism.’’ Science, Vol. 30, pp. 761-766. 

1911. The Meaning of Vitalism. Science, Vol. 33, pp. 610-614. 

1911. The Import of Vitalism. Science, Vol. 34, pp. 75-80. 

1912. The Meaning of Driesch and the Meaning of Vitalism. Science, 
Vol. 36, pp. 672-675. 

MacDougall, R. 
1913. Neo-vitalism and the Logic of Science. Science, Vol. 37, pp. 
104-106. 
Radl, E. 
1905. Geschichte der biologischen Theorien. I. Teil. Leipzig. 
Ritter, W. E. 

1911. The Controversy between Materialism and Vitalism: Can it be 

Ended? Science, Vol. 33, pp. 437-441. 
Spaulding, E. G. 

1909. Review of Driesch’s ‘‘The Science and Philosophy of the 

Organism.’’ Philosophical Review, Vol. 18, pp. 437-442. 
Sumner, F. B. 

1910. Review of Driesch’s ‘‘The Science and Philosophy of the 
Organism.’’ Journal of Philosophy, Psychology and Scientific 
Methods, Vol. 7, pp. 309-330. 

Woodruff, C. E. 

1911. Modern Vitalism. New York Medical Journal, August 19 and 

August 26. 41 pp. 


| 
| 

| 

| 

| 

y 

| 


THE PRESENCE OF THE BARRED PLUMAGE 
PATTERN IN THE WHITE LEGHORN 
BREED OF FOWLS'! 


DR. PHILIP B. HADLEY 


In connection with certain inheritance studies, which 
were undertaken primarily with another purpose in view, 
a quantity of data are at hand which relate to the con- 
stitution of the White Leghorn breed of fowls. In the 
course of the studies mentioned many crosses were made 
between the White Leghorn (4) and females belonging 
to a variety of black breeds, such as Black Hamburg, 
Black Minorea, Black Java and Black Spanish. In F,, 
and later generations, there appeared a proportion of 
birds which possessed over the entire body a typical 
barred plumage pattern. This circumstance led to an 
inquiry regarding the source of this character in the 
cases mentioned, and the results of this study appear 
to warrant the conclusions presented in this paper. 


EXPERIMENTAL Resvuuts F, 

The stock used in these experiments was the best that 
could be obtained from reliable breeders who had bred 
the respective varieties for a long period of years. In 
all the crosses to be mentioned the White Leghorn 3 was 
used with black 9°. First will be described the results 
obtained from the mating: White Leghorn ¢ x Black 
Hamburg 9. 

In the first generation from this cross nothing but 
white birds was obtained (110 individuals). No birds 
were, however, pure white. All showed black fleckings 
which were apparent in some cases only upon close ob- 
servation. In a small proportion of birds, both males 
and females, there were present from one to three 
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Fic. 1. White Leghorn ¢. 


wholly barred or more often partly barred feathers. 
These usually occurred either among the wing coverts or 
the tail coverts, although they were occasionally seen in 
the primary and secondary wing feathers or on the neck. 
The barring on these feathers was always most distinct 
at the distal end of the feather, but was never of so good 
a quality as seen in the Barred Plymouth Rock breed. 
The ‘‘under color’? was usually dark. For these F, re- 
sults two series of matings were made and 110 chicks 
reared. In each series a different White Leghorn ¢ was 
used, but the results were the same in both cases. 


EXPERIMENTAL Resuuts In F, 


Of the F, fowls raised in 1910 one cockerel and five 
pullets were bred together in 1911. The cockerel was 
hatched as a pure white bird with no trace of black down 
feathering. When adult, a single feather showing a buff- 
yellow bar appeared among the coverts of each wing. 
Among the saddle feathers were a few showing some buff. 


j 
: 
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Fic, 2. Black Hamburg 9. 


Of the F, females employed in 1911, 201 G was a nearly 
pure white bird but showed a few splashes of black in the 
saddle feathers and wing coverts. Hen 201 Z was hatched 
with a large patch of black down on the back, but even- 
tually became a pure white bird. Hen 202 G showed 
many black splashed feathers on back and wings, while 
211 B and 211 V had a small amount of black ticking. 
Hen 211 K was almost pure white. 


The results of these matings showed blacks, grays, 


whites, splashed whites and barred birds. The blacks 
possessed as good color as in the original parent stock; 
the grays appeared as dilute blacks. Some of the whites 
were pure whites while others showed black ticking. 
The splashed individuals showed many grades, some 
being heavily splashed, some slightly. In the barred 
birds the barring covered the entire body. It was often 
indistinct, owing to the dark under color, which was never 
so light as in pure-bred Barred Plymouth Rocks. The 
barring appeared to correspond fairly well, however, 
with the barring depicted in early illustrations of years 
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Fic. 3. F, Cross-bred 


ago, before the Barred Rocks had been developed to the 
present state of perfection. The proportions in which 
these different types appeared in the 1911 series is shown 
in the accompanying table (Table I). 


TABLE I 
RESULTS IN 1911 FROM MATING 
o(W. X B. H. 2) X X B. H. 2). 


Black | Barred 


Total | 
Mating Mother Num- | White — |— —— | Gray 
ber 9 a | 
314 201G | 30 | 21 |0! 6 !0! 2 0 |1}] Oo 
315 201 L | 22 | 16 |0| 1 0| 2 0 3; 0 
316 202 G 6 5 |o| 1 0| 0 0 10! o 
317 211B | 17 | 15 |0] 1 0 0 1) 0 
340 21K | 23/18 |o| 0 |2|0 8 
341 211V | 19 | 15 0 0 2 |0| 1 
Totals: 117 | |0| 9 2 5 4 
Totals: 117 90 16 11 
Expected...... 117 87+2 2148 


Includes the four gray fowls. 


ar 
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Fic, 4. Cross-bred 


Before discussing this case, the results of a similar 
mating of other F, birds, in 1912, maybe presented. The 
F, male was 8 L, mated with his sisters, 8 B, 8 G, 8 H 
and 8 7, all of which resembled the F, females in the 


1911 serie 


S. 
TABLE II 
RESULTS IN 1912 FROM MATING 


d(W. L. XB. H. 9) X O(W. LL. XB. HH. 9). 


Black 
Mating No. — White | 
456 18 13 0 1 
457 13 8 0 nf | 
458 14:10 1 | 
459 25 21 0 0 
137 106 0 | 
Expected 10212 | 0 8; | 
Expected............ 10242 | 
Discussion 


It may 


now be asked how the presence 


Barred 
? 
2 1 1 
3 0 1 
2 1 0 
2 1 1 
14 | 6 

177; 8x5 

2544 


of the barred 


id 
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Fic. 5. Fe Barred ¢. 


birds is to be explained. Since it would be impossible 
for the Black Hamburg females to carry the barring fac- 
tor, unless they also possessed an inhibition for barring, 
the obvious conclusion is that this pattern came from 
the White Leghorn. We may tentatively assume then 
that the W. L. ¢ is homozygous for barring, and attempt 
to ascertain to what extent the experimental results 
agree with the expected results in such a case. 

First, it may be said that the W. L. breed in all prob- 
ability carries a factor for black pigmentation (N), and 
also a factor which inhibits the manifestation of black 
in the plumage (J). Furthermore we may assume that 
it possesses a color factor C, and that the male is homo- 
zygous for the absence of the female sex factor, F, for 
which the females are heterozygous. In addition to this 
we may assume that in gametogenesis the barring fac- 
tor, B, is repelled by F’. There is no reason for assum- 
ing that the W. L. ¢ is other than homozygous for I. 
We may then write the zygotic formulas of the W. 
L. as: 


- 
4 
t 
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Fic. 6. Fz Barred 9. 


forming gametes 
CBNfI-CBNYJI. 


As to the zygotic constitution of the Black Hamburg 
2 there is no reason for supposing that they contain 
either B or I, although they do contain C and N; also 
they may be looked upon as heterozygous for F. We 
may therefore write their zygotic formula as : 


C.b.N.F fi. 
forming gametes 


CONFi- CoNfi. 


But, since, in all probability, none of the birds in these 
experiments lacks the factors C or N, we may leave these 
out of consideration, thus writing the W. L. ¢ formula: 


forming gametes 
Bfl- 


and the B. H. 2? formula as 


Sie 
en 
q 
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b.F fi. 
forming gametes 
bFi bFi. 


The mating then becomes 


W.L. Bfl 

B.H. bFi bFi 
Bof white dd, heterozygous, for barring and inhibiting factor. 
BbFfli= white 2°, heterozygous, for barring and inhibiting factor. 


In other words, the F, from mating of W. L. 3 x B. 
H. 2 gives birds that are all white, but heterozygous for 
Band I. The fact that some F, birds put up barred 
feathers may be explained on the ground that the domi- 
nance of the inhibiting factor (J), in heterozygous con- 
dition, was not complete. Where a little black was per- 
mitted to show, there it filled the pattern of an already 
barred feather. 

What now takes place when the F, whites are mated 
among themselves? The F, males with the zygotic con- 
stitution Bbffli form gametes BfI Bfi bfl bfi. The F, 
females with the zygotic constitution Bb Ff li form 
gametes BfI bFi Bfi bFI. The mating of the F, stock 
may therefore be represented: 

Bfl. bfi . Bfi. bf1 

Q Bfl.bFi.Bfi.bFI giving in F, 

~ (B.f.I, (1) White, homozygous for B and I. 
Bbf,Ii (2) White, heterozygous for B and J. 
B.f.Ji (2) White, homozygous for B; heterozygous for J. 
3d Bbf.I, (1) White, heterozygous for B; homozygous for J. 


Bbf.i, (1) Barred, heterozygous for B; no I. 
L B.fyi, (1) Barred, homozygous for B; no I. 


Bb Ff Ti (2) White, heterozygous for B and I. 
i Ff i, (1) Black, no B nor I. 

Bb Ff I, (1) White, heterozygous for B; homozygous for I. 
e¢ bb Ff Ii (2) White; no B; heterozygous for J. 

Bb Ff i (1) Barred, heterozygous; no I. 

bb Ff I, (1) White, no B; homozygous for J. 


The data presented above may be summarized as fol- 
lows: 
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fot Total 
2 1 3 
| 16 


In other words, among every 16 birds in F, we might 
expect to find 12 whites, 3 barred and 1 black. The whites 
should be equally divided between the sexes; of the three 
barred birds, two should be male and one female; the 
one black should be a female. Moreover, one of the 
barred males should be homozygous for this factor, while 
the other male and the female should be heterozygous. 
Other birds, including both males and females, should 
carry the barring factor but not manifest the pattern 
since they will also be either homozygous or heterozygous 
for the inhibiting factor, J. 

Having thus outlined what we should expect to see re- 
sult in F’,, provided the original W. L. cockerel was actu- 
ally homozygous for barring and also possessed factors 
C, N and I, we may now attempt to ascertain to what ex- 
tent these theoretical results agree with the experimental 
data and furnish an interpretation for them. 

First, referring back to Table I, it is apparent that the 
expected 3:1 ratio of a white x black cross is fairly 
closely realized among the 117 birds included in this 
table. Actual results were 90 white: 27 dark, while the 
expected are 88 white: 29 dark. Whereas we should ex- 
pect only 7 + blacks, all females, we actually have 12 
blacks (16 including the grays), including 9 females and 
3 of undetermined sex. In part explanation of the dis- 
crepancy it may be said, however, that in very young 
chicks it is impossible to distinguish the blacks from the 
barred. In case chicks die during the first week of life, 
all those which would later develop barring must be de- 
scribed as black. It therefore can not be doubted that 
several of the birds described as black were actually 


| 
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barred. The only way to avoid this difficulty is to embody 
in the tables no chicks which die under three weeks of 
age. This plan was adhered to in the collection of data 
presented in Table II. 

Regarding the barred birds, it is clear that more are 
called for than actually appeared; but, as already ex- 
plained, the number would probably have been made up 
by addition of birds from the blacks, if these chicks had 
lived long enough to develop their barring. It is appar- 
ent, however, that the ratio of males to females is in the 
right sense. 

Turning now to the results of similar matings pre- 
sented in Table II, it is apparent that the experimental 
results conform more closely to the expected. In this 
ease all the chicks were over three weeks old when de- 
seribed. The obtained ratio of whites to blacks is 106: 31, 
while the expected is 102:35. The actual ratio of black 
to barred birds was 7:24, while the expected was 
8+ :25+. As was to be expected, no black males ap- 
peared, while the number of barred males was approxi- 
mately twice the number of the barred females (14:6), 
the expected being 17 +:8-+. 

It is thus clear that when only chicks over three weeks 
old are included in the tables, the actual and the expected 
ratios find close agreement, and appear to demonstrate 
the correctness of the view that the male White Leghorn 
fowl is homozygous for the barred plumage pattern. Evi- 
dence similar to that presented above has been secured 
from matings of White Leghorn ¢ with Black Minorca, 
Black Java and Black Spanish hens. Crosses involving 
the White Leghorn ? have not yet been made, but it seems 
likely that these fowls are heterozygous for the barred 
character, which probably follows lines of inheritance 
similar to the barring of the Barred Plymouth Rock 
breed. In the White Leghorn breed, of which several 
different males have now been tested, the barred pattern 
appears to exist as a eryptomere, much as in the breed of 
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White Plymouth Rocks, the chief difference in these two 
races being that whereas the white of the White Rock is 
a ‘‘recessive white,’’ occasioned, in all probability, by 
the dropping out of a color factor, the White Leghorn is 
a so-called ‘‘dominant white,’’ determined by the pres- 
ence of an inhibitor acting upon one or both of the color 
factors, which also appear to be present in this breed. 


ConcLUsIONS 


These results serve to confirm suggestions made by 
Davenport® regarding the presence of barring in some 
of his White Leghorn stock, and also to explain some of 
the results obtained by Hurst?* in matings, which involved 
the White Leghorn breed. They also help to explain 
some of those cases known to many poultrymen® in 
which barring (the ‘‘euckoo marking’’) has resulted from 
the crossing of black (or dark) with white breeds in 
which the presence of the barred plumage pattern was 
not suspected. 

Obviously this work has no bearing upon the origin 
of the barred pattern. It merely indicates that the White 
Leghorn breed of fowls, as studied, carries factors for 
both black and barring. The failure of the black to show 
depends upon the action of the inhibitor, 7, while the 
barred pattern can appear only in the presence of the 
uninhabited N or C. 

March 4, 1913 


8 Davenport, C. B., ‘‘Inheritance in Poultry,’’ Publication No. 52 of the 
Carnegie Institution of Washington; Papers of the Station for Experi- 
mental Evolution, No. 7, 1906. 

‘¢Tnheritance of Characters in the Domestic Fowl,’’ Publication No. 121 
of the Carnegie Institution of Washington; Papers of the Station for 
Experimental Evolution, No. 14, 1909. 

* Hurst, C. C., Report II to the Evolution Committee of the Royal Society, 
London, England, 1905. 

Wright, L., ‘‘ New Book of Poultry,’’ London (Cassell), 1905. 


SHORTER ARTICLES AND DISCUSSION 


NOTES ON THE GEOLOGIC WORK OF TERMITES IN 
THE BELGIAN CONGO, AFRICA 


THE following notes were taken during 1911 in the region 
about seventy-five miles west of Lake Tanganyika between lati- 
tudes 4°15’ and 5° south. This region lies along the western 
base of the great mountain system which passes to the west of 
Lake Tanganyika. 

The Loami River Region.—The gentle slope between the base 
of the mountain and the swamp of the Loami river is pretty 
generally covered with termites’ nests averaging about ten feet 
in height and forty feet in diameter at the base. Some of the 
mounds are much larger, but they are generally composed of 
two nests which were started so close together as to grow into 
one mound. They are very much rounded by weathering, but 
a few of them have newly formed pinnacles projecting from 
near the tops. 

In many well-drained places as many as five hills to the acre 
may be counted, but this is more than are ordinarily found. 
One may walk for three or four hours, however, through country 
averaging more than one nest to the acre. The most favorable 
places for the nests seem to be where the soil is deep and well 
drained. 

Methods of Construction.—The newest nests recognized were 
small slightly raised mounds about three feet in diameter with 
two or three small chimney-like pinnacles rising from them. 
Before there was anything to attract attention above the surface 
of the ground, the termites had made a nest below the surface 
and had mixed the surrounding soil with excrement from their 
bodies to form a stiff clay. From this base, they then built 
small chimneys about a foot in diameter, with passages about 
two inches in diameter leading from the nest. It is up through 
these openings that the mounds are built, the small white ants 
earrying up little balls of soft clay and plastering them around 
the tops of the chimneys. This is the only work in which I have 
seen the workers expose themselves to the sunlight. 

The chimneys are continually being washed down by the 
storms, forming large rounded mounds with passageways about 
two inches in diameter leading through them and down below 
the surface of the ground. These passageways are enlarged at 
irregular intervals into spherical chambers about four inches 
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Fic. 1. Termites nests in Stanleyville. Photos. by D. Steel. 
in diameter, and in each chamber a cellular ball of chewed-up 
vegetation is made to fit loosely. The eggs are stuck to the walls 
of the cells and are presumably hatched by the heat from the 
organic matter. A ball freshly dug and containing the eggs is 
always noticeably warm. 

I have never seen the eggs being put in place, but have been 
told that they are carried from the queen and put in place by 
the workers. 

Fig. 1 gives a section through an ant-hill as shown in an exea- 
vation made to get clay for plastering the walls of a house. 


te 
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I have seen a termites’ nest excavated for this purpose to a 
depth of five feet, but further than this I have no evidence as to 
the depth of their work. Laterally their passageways seem to 
underlie vast areas, as it is seldom that one can put a wooden box 
on the ground so far from a foraging route that the insects will 
not find it out in a few days. 

The Stanleyville Region—There are a great many termite 
nests in the forest country around Stanleyville, but they are of 
a slightly different character from those previously described. 
The newer portions of the Stanleyville nests, instead of being 
chimney-like structures, resemble the white ants’ nests of Brazil 
as described by Dr. Branner. They are built of earth, in many 
cases containing grains of sand and masticated vegetable matter. 
This is built on in a plastic condition leaving no external open- 
ings and hardens on exposure. 

The walls of these nests wash down, forming rounded mounds 
and in time form mounds similar to those described from the 
Loami valley. 

A general idea of the age of the nests can occasionally be ob- 
tained in this region from the size of some of the trees which are 
found growing on the mounds. Fig. 2 shows the stump of a 
camwood tree which grew on a mound near Stanleyville. Cam- 
wood is a hard, red wood much resembling rosewood in appear- 
ance, and this stump is thirty inches across the top. 

Along the Kasai River.—Still another variety of termite nest 
is found in the drainage of the Kasai river. This variety does 
not show the aversion to poorly drained localities that was noted 
in the Loami valley, but seems rather to prefer the clayey soil 
of the lowlands to sandstone hill areas. 

The nature of the above-ground portions of the nests is illus- 
trated in Figs. 3 and 4. While these termites have extensive 
underground foraging trails similar to those mentioned above, 
there seems to be much less of the nest below the general surface 
of the ground. 

The live part of the nest is a dome-shaped chamber at or 
slightly above the surface of the ground. This chamber ordi- 
narily has walls about six inches thick of firmly cemented sandy 
clay and enclosing a cellular mass consisting mostly of masticated 
vegetation. Fig. 3 shows one of these chambers which has been 
broken open. It also shows a portion of the cellular mass within. 

The largest of these nests reach a height of about twelve feet 
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Fic. 2. <A termites nest in Stanleyville. 
Fic. 3. A broken termites nest near Dima on the Kasai River. 
Fic. 4. <A termites nest near Dima. Photos. by D. Steel. 
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and have a diameter at the base of ten or twelve feet. They have 
no visible openings. 

Habits of African Termites—While the ants of equatorial 
Africa do not seem to be nearly so numerous or of nearly so 
much importance to man as those of tropical America,’ the 
termites and their work are evident throughout practically the 
entire Congo basin. They are not a serious pest, however, as 
their habits are known, and only simple precautions are required 
to prevent their ravages. 

Termites seldom expose themselves to the light, so if an object 
is placed on supports so far from the ground that they can not 
easily fill up the intervening space with earth, it is practically 
safe from their attacks. If, on the other hand, the object hap- 
pens to be an especially palatable piece of wood, a bale of cloth, 
or a leather case, and is placed directly on the ground, it is 
remarkable how soon the termites will find it and begin their 
attack. A box left in this way seldom suffers much damage the 
first day, but if left for several days, the bottom may be pretty 
completely eaten away. 

I have never known termites to do any damage farther than 
about two feet above ground, but there is another insect, a small 
beetle, which will often eat away the entire inside of building 
timber leaving nothing visible of their work but the small holes 
where the insects enter the stick and finely powdered wood which 
they throw out through those holes. 

There are several species of timber, however, which are not 
attacked by either insect. The walls of practically all of the 
buildings of the Congo are supported by timbers driven into 
the ground, and where these timbers are selected by natives whu 
understand the habits of the insects, they are seldom eaten away. 

Termites as Food.—I noticed one evening that termites were 
swarming from all of the nests around our camp. A ery went 
up among the natives, and the women and children ran with 
dishes of water and seated themselves around the openings in 
the nests. They then caught as many of the insects as they 
could, and either put them into the water so that they could not 
fly away, or ate them at once. Those which were put into the 
water were afterwards dried and were considered a delicacy. 

DONALD STEEL 

OROVILLE, CALIF. 


1J. C. Branner, ‘‘Geologic Work of Ants in Tropical America,’’ Bull. 
Geol Soc. Amer., XXI, 444-496. 


NOTES AND LITERATURE 


WORK ON GENETIC PROBLEMS IN PROTOZOA 
AT YALE 


Two ideals are commonly represented in the practise of uni- 
versity laboratories. Some concentrate upon a unified set of 
problems, endeavoring thus to make a definite mark upon science; 
others cultivate breadth, the different workers taking up prob- 
lems lying in diverse fields. The work done in recent years at 
the Yale Zoological Laboratory by Professor L. L. Woodruff 
and his associates is an interesting example of the former type; 
the present is an attempt to give a unified survey of this work, 
which has been directed with concentration and effectiveness 
upon the general questions of reproduction in unicellular animals. 

The work on these matters may be represented as a tree with a 
single trunk and diverging branches. The trunk consists of the 
study of Woodruff’s culture of a single line of Paramecium, 
begun in 1907, to test the hypothesis that death is a necessary 
consequence of continued reproduction without conjugation. 
This study was itself an outgrowth of an investigation (the seed 
of the tree) made by Woodruff as a student under the direction 
of the investigator who has been chiefly responsible for the recent 
revival of work on the more general problems of reproduction in 
the Protozoa, Professor Calkins, of Columbia University. This 
first investigation (1) led to results in agreement with the views 
of Maupas and of Calkins, that continued reproduction without 
conjugation results inevitably in death. 

All the cultures give incontestable proof that the species studied 
[Oxytricha fallax, Pleurotricha lanceolata, and Gastrostyla steinii] pass 
through eyclical periods of general vitality. The periods of depression 
lead to death if the eulture is subjected to the same environment. 
Minor fluctuations also oceur which may be called “rhythms.” 

A rhythm is a minor periodic rise and fall of the fission rate, due 
to some unknown factor in cell metabolism, from which recovery is 
autonomous. 

A eyele is a periodic rise and fall of the fission rate, extending over a 
varying number of rhythms, and ending in the extinction of the race 
unless it is “rejuvenated” by conjugation or changed environment 
(1, page 627). 

Woodruff, however, felt that the matter needed further test, 
particularly with relation to the part played by environmental 
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conditions, as compared with that dependent upon internal 
factors. Suspecting that the ultimate death might be due rather 
to the constancy of the conditions than to anything inherent in 
the process of living, he set in progress on May 1, 1907, a line 
derived from a single individual of Paramecium aurelia, keep- 
ing it under varied conditions. That is, the culture medium was 
altered from day to day. This line was found to reproduce 
actively, without degeneration and without conjugation. From 
time to time Woodruff has published brief papers showing the 
progress of this line and the relation of the facts to general 
problems. Such bulletins have been issued at the 465th genera- 
tion (5) ; then at generations 490 (3), 1,185 (6), 1,238 (7), 1,795 
(9), 2,121 (10), and 3,029 (22). The culture at last accounts 
had been in progress five years, during which time the animals 
had reproduced 3,029 times without conjugation; the potential 
number of progeny produced being represented by 2 raised to 
the 3,029th power (a number composed of 912 integers), and 
constituting a volume of protoplasm equa! to 10'°°° times the 
volume of the earth (22, page 123). Woodruff well concludes: 


I believe this result proves beyond question that the protoplasm of a 
single cell may be self-sufficient to reproduce itself indefinitely, under 
favorable environmental conditions, without recourse to conjugation, 
and clearly indicates that senescence and the need of fertilization are 
not primary attributes of living matter (22, page 123). 

This conclusion has been supported by the work of other inves- 
tigators (notably by that of Enriques), but all will agree that the 
mainstay of this most important generalization is this work of 
Woodruff. 

Under varied conditions the reproductive power of this line 
thus showed itself to be indefinitely great. Now arose the ques- 
tion whether the variation of the conditions was the essential 
point, or whether the death in a constant hay infusion may not 
be due to a lack in the hay of elements essential to the prolonged 
life of the cultures; in other words, whether it may not be a case 
of slow starvation. To test this, Woodruff and Baitsell (15) on 
October 1, 1910, separated from the line living under varied 
conditions a set which was kept in a constant medium of 14 per 
cent. beef extract. After seven months the authors report that 
this was ‘‘ practically as favorable a medium for the reproduction 
of this pedigree culture of Paramecium aurelia as the ‘varied’ 
environment, and therefore . . . it appears fair to conclude that 
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it is the ‘composition’ of the medium rather than the changes 
in the medium which is conducive to the unlimited development 
of this culture without conjugation or artificial stimulation’’ 
(15, page 141). 

From this basie investigation, giving conclusive results on an 
ancient and fundamental problem, have grown branch studies by 
Woodruff and his associates on a large number of diverse factors 
affecting reproduction. This work has been done mainly on 
Paramecium, as a contribution to the general effort to get the 
genetic physiology of one type animal fully cleared up, but other 
infusoria have likewise been dealt with. We may divide these 
studies into (1) those on internal factors and (2) those on exter- 
nal factors. 

1. Internal Factors —In his first paper (1) as we saw, Wood- 
ruff distinguished certain small changes in the reproductive rate, 
which he called rhythms. The question comes up as to whether 
these, like the changes resulting in death, may not be due to 
something in the environmental condition, perhaps to fluctua- 
tions in these conditions. This problem was attacked by Wood- 
ruff and Baitsell (16). Their result was that practically con- 
stant conditions of the environment tend to bring out the 
rhythms more clearly, from which it is concluded that they are 
due to causes within the organism. A possible chance for doubt 
of this conclusion arises from the question whether the pre- 
cautions taken to keep the bacterial content of the cultures uni- 
form were adequate ; certain work done in the Zoological Labora- 
tory of the Johns Hopkins University indicates that they were 
not—in which ease the fluctuations in the reproductive rate 
might be due to variations in the bacterial content of the 
medium. 

Baitsell’s study (13, 23) of the effects of conjugation between 
closely related individuals in Stylonychia pustulata belongs here. 
It was found that after such conjugations the animals do not 
continue to reproduce. Baitsell summarizes as follows: 

The experiments show conelusively, it is believed, that conjugation is 
induced by eaternal conditions affecting the organisms, and bears no 
relation, in this form at least, to a particular period of the life cycle. 

It is suggested that infertility of syzygies in these cultures is the 
result of the fact that the eametes had an identical environmental 
history (23, page 74). 

With regard to the second suggested conclusion, doubt may be 
raised, since it was not shown that under the conditions gametes 
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with diverse environmental history give more fertile pairs; pos- 
sibly conjugation involves regularly the death of a large pro- 
portion of the gametes. 

Here perhaps belongs also the study by Woodruff (14) show- 
ing that Paramecium caudatum and Paramecium aurelia are 
distinet species: 

Since one of the crucial tests of a species is its ability to breed true 
to type indefinitely, aurelia and caudatum have adequately met this 
test during more generations than any other animal under observation 
(14, page 237). 

2. External Factors.—Studies of the effects of a long list of 
external factors on reproduction have branched out from the 
main trunk given by the study of the life cycle. In his ‘‘seed 
paper’’ of 1905 (1), Woodruff had included a number of experi- 
ments with various chemical and physical agents, showing par- 
ticularly that Protozoa are extremely sensitive to solutions of 
electrolytes. He followed this up in 1908 (4) with a study of 
the effects of aleohol. This showed that: 


(1) Minute doses of aleohol will decrease the rate of division at one 
period of the life cycle and increase it at another period of the life 
eyele. (2) When alcohol increases the division rate the effect is not 
continuous, but gradually diminishes and finally the rate of division 
falls below that of the control.... (4) Treatment with aleohol lowers 
the resistance of the organisms to copper sulphate (4, page 104). 

Woodruff and Bunzel (8) further undertook a precise study 
of the directly destructive effects of various salts and acids on 
Paramecia taken from the pedigree culture serving for the 
trunk experiments. The results of this work, not bearing directly 
on reproduction, lie a little to one side of the main stream of 
experimentation; the conclusion is: 

Considered as a whole, the results of the experiments indicate a 
marked parallelism between the order of toxicity of the various cations 
toward Paramecium and the ionic potential of the ions employed (8, 
page 194). 

A considerable number of studies (11, 12, 17, 18, 19, 20, 21) 
are devoted to analysis of the effects of the environmental con- 
ditions to which the animals are subjected in their natural lives, 
—the culture media—upon reproduction and vitality. A paper 
by Woodruff (12) on ‘“‘The Effect of Excretion Products of 
Paramecium on its Rate of Reproduction”’ concludes: 
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(1) The rate of reproduction of P. aurelia and P. caudatum is in- 
fluenced by the volume of the culture medium, within the limits tested 
[t. e., 2, 5, 20 and 40 drops of varied environment medium] and the 
greater the volume the more rapid is the rate of division. (2) Par- 
amecia excrete substances which are toxic to themselves when present 
in their environment, and these substances are more effective when the 
organisms are confined in limited volumes of the culture fluid. (3) The 
excretion products of Paramecium play an appreciable part in de- 
termining the period of maximum numbers, rate of decline, ete., of this 
animal in hay infusions (12, page 581). 

A careful study of the effects of changes of temperature on 
reproduction made by Woodruff and Baitsell (17) showed that 
the temperature coefficient (factor by which the rate of repro- 
duction is multiplied when the temperature is raised ten degrees) 
is approximately 2.7, so that the rate of cell division is influenced 
by the temperature in a manner similar to that for a chemical 
reaction. 

These studies of environmental action had shown Woodruff 
that different races of Paramecium are adapted to different con- 
ditions, and that this throws light on the diverse results reported 
by different observers. In a paper of 1911 (18), he concludes: 

(1) The diserepant results of various workers on the longevity of 
Paramecium are in all probability due to variation in the cultural 
demands of the race isolated for study. (2) It is probable that most, 
if not all, normal individuals have under suitable environmental condi- 
tions, unlimited power of reproduction without conjugation or artificial 
stimulation (18, page 65). 

In this second statement much is involved in the word 
‘‘normal’’; the experience of the Johns Hopkins Laboratory is 
that some lines die out after a time, even though they may at 
first multiply in the usual way. 

The study of cultural action was next made general and 
extended to the other organisms in the infusorian cultures, by a 
careful examination of the source and sequence of development 
of the organisms usually found in the cultures of decaying vege- 
tation. The conclusions are of practical interest for the labora- 
tory worker. Woodruff finds that Protozoa are rarely introduced 
from the air; and that Paramecium is not introduced dry, on 
hay or otherwise. 

Air, water, and hay are all sources from which Protozoa are derived, 
and inerease in importance in the order given. Of these three, however, 
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air is practically a negligible factor in seeding infusions (19, page 263). 

The order in which different common forms most frequently 
appear, reach their maximum, and disappear in hay infusions is 
shown in the following list (taken from 19, page 243). 


APPEARANCE MaxIMuM DISAPPEARANCE 
. Monads. . Monads. . Monads. 
. Colpoda. . Colpoda. . Colpoda. 
. Hypotrichida. . Hypotrichida. . Hypotrichida. 
. Paramecium. . Paramecium. . Ameba. 
. Vorticella. . Amoeba. . Paramecium. 
. Ameba. . Vorticella. . Vorticella. 


As hay infusion is the typical culture medium for such organ- 
isms, a study was made by Fine (20) of its chemical properties, 
with particular relation to the acidity, the purpose being to 
correlate, so far as possible, the chemical conditions with the 
protozoan sequence. The paper concludes: 

The acidity of hay infusions is essentially due to bacteria, their 
efficiency in producing acid being governed by the concentration of the 
infusion in acid-yielding materials. The protozoa play a relatively 
small part in the production of acid. 

The sequence of protozoa and the course of the titratable acidity 
possess no intimately mutual relation. Either may vary within wide 
limits without appreciably influencing the course of the other. 


This line of work is evidently still under active treatment, 
since we note that the Journal of Experimental Zoology prom- 
ises a paper by Woodruff on ‘‘The Effect of Excretion Products 
of Infusoria on the Same and on Different Species, with Special 
Reference to the Protozoan Sequence in Infusions.’’ 

The problems of reproduction, age and death are bound up in 
recent theories with those of the size of cells and nuclei; a paper 
on this aspect of matter in the same journal is likewise promised 
from Woodruff. 

Among the laboratories of this country which have made a 
definite mark on some unified problem of general interest (and 
such are happily now becoming numerous), certainly a most 
honorable place must be accorded to this work done at Yale by 
Woodruff and his associates. 

A. R. MIDDLETON 

ZOOLOGICAL LABORATORY OF THE JOHNS HOPKINS UNIVERSITY 
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CHRONOLOGICAL LIST OF PAPERS 


(In the above review the papers are referred to by the serial numbers 
here given in parentheses. The papers in the Proceedings of the Society of 
Experimental Biology and Medicine and in Science are merely short ab- 
stracts on work published in full in other papers.) 

(1) Woodruff, L. L., An Experimental Study on the Life History of 
Hypotrichous Infusoria, Journ. Exp. Zool., 2: 585-632, November, 1905.— 
(2) Id., Variation During the Life Cycle of Infusoria and its Bearings on 
the Determination of Species, Science, 25: 734-735, May 10, 1907.—(3) 
Id., The Life Cycle of Paramecium, Proc. Soc. Exp. Biol. and Med., 5: 124, 
May 20, 1908.—(4) Id., The Effect of Alcohol on the Life Cycle of Infu- 
soria, Biol. Bul., 15: 85-104, 1908.—(5) Id., The Life Cycle of Paramecium 
when Subjected to a Varied Environment, AMER. NAT., 42: 520-526, August, 
1908.—(6) Id., Studies on the Life Cycle of Paramecium, Proc. Soc. Exp. 
Biol. and Med., 6: 117-118, May 26, 1909.—(7) Id., Further Studies on 
the Life Cycle of Paramecium, Biol. Bul., 17: 287-308, September, 1909.— 
(8) Woodruff, L. L., and Bunzel, H. H., The Relative Toxicity of Various 
Salts and Acids toward Paramecium, Amer. Journ. Physiol., 25: 190-194, 
December, 1909.—(9) Woodruff, L. L., On the Power of Reproduction with- 
out Conjugation in Paramecium, Proc. Soc. Exp. Biol. and Med., 7: 144, 
May 18, 1910.—(10) Id., Two Thousand Generations of Paramecium, 
Archw f. Protistenkunde, 21: 263-266, 1911.—(11) Id., The Effect of 
Culture Medium Contaminated with Excretion Products of Paramecium on 
its Rate of Reproduction, Proc. Soc. Exp. Biol. and Med., 8: 100, April 19, 
1911.—(12) Id., The Effect of Excretion Products of Paramecium on its 
Rate of Reproduction, Journ. Exp. Zool., 10: 557-581, May, 1911.—(13) 
Baitsell, G. A., Conjugation of Closely Related Individuals of Stylonychia, 
Proc. Soc. Exp. Biol. and Med., 8: 5, May 17, 1911.—(14) Woodruff, L. L., 
Paramecium aurelia and Paramecium caudatum, Journ. Morphol., 22: 223- 
237, June, 1911.—(15) Woodruff, L. L., and Baitsell, G. A., The Reproduc- 
tion of Paramecium aurelia in a ‘‘Constant’’ Culture Medium of Beef 
Extract, Journ. Exp. Zool., 11: 135-142, July 5, 1911.—(16) Jd., Rhythms 
in the Reproductive Activity of Infusoria, Journ. Exp. Zool., 11: 339-359, 
November 20, 1911.—(17) Id., The Temperature Coefficient of the Rate of 
Reproduction of Paramecium aurelia, Amer. Journ. Physiol., 29: 147-155, 
December 1, 1911.—(18) Woodruff, L. L., Evidence on the Adaptation of 
Paramecium to Different Environments, Biol. Bul., 22: 60-65, December, 
1911.—(19) Id., Observations on the Origin and Sequence of the Protozoan 
Fauna of Hay Infusions, Journ. Exp. Zool., 12: 205-264, February 10, 1912. 
—(20) Fine, M. S., Chemical Properties of Hay Infusions with Special 
Reference to the Titratable Acidity and its Relation to the Protozoan 
Sequence, Journ. Exp. Zool., 12: 2, February 10, 1912.—(21) Woodruff, 
L. L., The Sequence of Protozoan Fauna in Hay Infusions, Proc. Soc. Exp. 
Bicl. and Med., 9: 65-66, February 21, 1912.—(22) Woodruff, L. L., A 
Five-year Pedigreed Race of Paramecium without Conjugation, Proc. Soc. 
Exp. Biol. and Med., 9: 121-123, May 15, 1912.—(23) Baitsell, G. A., 
Experiments on the Reproduction of the Hypotrichous Infusoria. I. Con- 
jugation between Closely Related Individuals of Stylonychia pustulata, 
Journ, Exp. Zool., 13: 47-75, July 5, 1912. 
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NOTES ON ICHTHYOLOGY 


THE most imposing work in ichthyology for the year is Dr. C. 
H. Eigenmann’s ‘‘Fresh Water Fishes of British Guiana,’’ pub- 
lished in the Memoirs of the Carnegie Museum, No. 5. This 
paper contains a very full discussion of the different species of 
the region concerned, with synonymy and notes of various kinds. 
It is also accompanied by an excellent series of maps and figures, 
with an illuminating discussion of the fauna of British Guiana 
and northern Brazil. This paper is the result of a most im- 
portant expedition made by Dr. Eigenmann under the auspices 
of the Carnegie Museum at Pittsburgh. 

Another work of very great importance is the ‘‘ Résultats des 
Campagnes Scientifiques’’ of Albert the First, Prince of Monaco. 
In Fascicule XXXV of this splendidly printed series, Dr. Eric 
Zugmayer gives the results of the work of the Yacht Princesse- 
Alice for the ten years from 1901 to 1910. Many species, old and 
new, are described, with a series of admirable plates representing 
deep sea fishes of the Mediterranean which the learned and in- 
defatigable prince has brought to light. 

In the Ann. and Mag. Nat. Hist., 1912, Mr. C. Tate Regan dis- 
cusses the relations of the various families of eels. 

In another paper he discusses the relations of the Blennioid 
fishes which, following Gill, he divides into numerous families, 
the Brotulids with the Fierasfers and Zoarces being regarded as 
among these Blennioid families. In another paper Mr. Regan 
discusses the affinities of the Mailed Cheek fishes. Following 
Cuvier and Jespersen, he assigns the sticklebacks to this group, 
contrary to the views of all other recent systematists. I can not 
believe that the sticklebacks have any affinity with the mailed 
cheek fishes, the ossified skin on the cheek being an analogy only. 

In another paper Mr. Regan discusses the hag fishes of the 
genus Heptatretus. The different groups characterized by the 
number of gill openings, ranging from 6 to 14, are not regarded 
as separate genera. 

In another paper the anatomy of the Discocephali is under 
discussion. He regards these fishes, in spite of the singular 
sucking dise on the head, as allies of the perch-like fishes, per- 
haps not far removed from Naucrates. 
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In another paper Mr, Regan discusses the family of Caris- 
tiidee which he regards as allies of Beryx. He compares Caristius 
with Platyberyzx, lately described by Zugmayer from Cape St. 
Vincent. He thinks that the two belong to the same genus and 
are perhaps not even specifically distinct. In this he is appar- 
ently wrong; Platyberyx seems related to Beryx but Caristius is, 
as I have already indicated, closely related to the Bramide. It 
is still nearer to Pteraclis from which it is mainly distinguished 
by the short anal fin, the anal fin in Pteraclis being nearly as 
long as the dorsal fin. The species described from Japan by 
Bellotti, as Pteraclis macropus, belongs also to this group and is 
in fact a second species of the genus Caristius. 

Regan also describes in Ann. and Mag. and in the Proc. Biol. 
Soc. a large number of species from the rivers of South America 
with valuable notes and figures. 

In the Records of the Canterbury Museum, Edgar A. Waite 
gives additions and modifications of the basic list of the fishes of 
New Zealand. 

In the Trans. New Zeal, Inst. are given a number of valuable 
notes on New Zealand fishes. The grotesque Aegeonichthys ap- 
pelli of Clarke is figured and also the extraordinary Oreosoma 
atlanticum, which has not been seen since the original specimen 
of Cuvier. The fish has seven ventral rays like others referred 
to the family of Zeide. 

In the Indiana University Studies, 1912, Dr. Eigenmann de- 
scribes a number of new species from the rivers of northern Co- 
lombia and in the Ann. Carn. Mus., 1911, he describes numerous 
Characin fishes from rivers of northern South America. 

In the Proc. Linn. Soc, N. Y., Mr. J. T. Nichols gives a list of 
the fishes known to oc¢ur within fifty miles of New York, 237 in 
number, with figures of several. 

In the Bull. Amer. Mus. Nat. Hist., Mr. Nichols describes a 
new frog fish from Barbadoes, Antennarius astroscopus. He also 
gives a figure of the little known Pseudomonacanthus amphioxys. 

In another paper Mr. Nichols gives notes on Cuban fishes. 
Siphostoma torrei and Xystema havana are described as new. 

In the Proc. Biol. Soc. Wash., E. W. Gudger gives notes on 
fishes from Beaufort, North Carolina. 

In the Proc, Biol. Soc. Wash., T. D. A. Cockerell gives valuable 
notes on the scales of flounders, soles, codfish and other forms. 
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In the Proc. U. S. Nat. Mus., Dr. C. H. Gilbert and C. V. 
Burke describe a number of new snail-fishes from the waters of 
Japan. 

‘In the same proceedings Charles V. Burke describes additional 
species of snail-fishes or Liparids, including the new genus Poly- 
pera based on Neoliparis greenit. Cyclogaster bristolense is de- 
seribed from Bristol Bay, C. megacephalus from Bering Sea, 
Careproctus gilbertt from Kadiak Island, Paraliparis deani 
from Alaska, Paraliparis garmani from New England and 
Rhinoliparis attenuatus from Bering Sea. 

In the same proceedings Barton A. Bean and A. C. Weed de- 
scribe an important collection of fishes from Java. 

In the same proceedings Lewis Radcliffe describes 29 new 
species allied to the codfishes, from the Philippines. A new 
genus, Macrouroides inflaticeps, is made type of a distinct family. 

In the same proceedings D. S. Jordan and C. W. Metz describe 
two new species from Hawaii. 

In the same proceedings Professor J. O. Snyder enumerates 
the fishes collected by him in the Riu Kiu Islands, with numerous 
figures of interesting forms. The fauna of these islands is 
strictly tropical, in many regards not very different from that 
of Samoa but with some characteristic Japanese species. 

In the same proceedings Professor Snyder enumerates the 
species obtained in the Albatross expedition of 1906 in the waters 
of Japan. Many new species are described and figured. 

In the Proc. Biol. Soc. Wash., B. W. Evermann and H. B. 
Latimer describe a collection obtained from the Olympic Penin- 
sula in the state of Washington. In the proceedings of 1908 B. 
W. Evermann and W. C. Kendall describe and figure a European 
pipe fish, Nerophis equoreus, obtained in the western Atlantic, 
the first American record of this species. 

In the Bull. Bur. Fish., 1910, Gilbert and Burke describe the 
fishes collected in Alaska by the steamer Albatross on its way to 
Japan. About forty new species were obtained in this expedi- 
tion. 

In the same bulletin W. C. Kendall describes a new fiat fish 
from the Georges Bank, off New Foundland, under the name of 
Pseudopleuronectes dignabilis. 

In the Mitteil. Naturh. Mus. Hamburg, 1912, Georg Duncker 
discusses the genera of the pipe fishes. 
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In the Ann. Mus. Zool. Univ. Napoli, J. Pellegrin describes 
fishes in the Museum of Naples, mostly obtained by an expeditio 
to the Red Sea. 

In the Report of the British Antarctic Expedition of Shackle- 
ton, Mr. Edgar R. Waite describes the fishes taken in the Ant- 
arctic, four species only, all of the family of Nototheniide. 

In the Bull. Americ. Mus. Nat. Hist., L. Hussakof describes 
eight Chimeroids of the Cretaceous of North America. 

In the Ann. N. Y. Acad. Sci., R. D. O. Johnson describes an 
extraordinary climbing catfish, Arges marmoratus, from Co- 
lombia. In connection with this, Dr. Bashford Dean remarks 
that ‘‘it is hardly to the credit of our cloth that these observa- 
tions on fishes should be first made by a mining engineer.”’ 

In the Zoologischen Anzeiger, 1912, Dr. L. F. de Beaufort de- 
seribes new Gobies from Ceram and Waigeu. 

In the Zool. Jahrb., L. S. Berg describes the origin of the 
fishes of the basin of the river Amur. 

Under the title of ‘‘Faune de la Russie,’’ Dr. Berg describes 
and eatalogues the fishes of Russia, a valuable paper, accom- 
panied by good descriptions, which unfortunately for most of 
us are mainly in Russian. 

In the Bull. Mus. d’Hist. Nat. Paris, 1912, Dr. Pelligrin enu- 
merates fishes from the New Hebrides with the description of 
Callechelys guichenoti, hitherto imperfectly known. 

In the Bull. Inst. Oceanog. of the Prince of Monaco, Dr. Zug- 
mayer deseribes numerous deep-sea fishes obtained by the prince. 

In the Bull. Soc. Zool. de France, 1912, Dr. Louis Fage de- 
scribes a collection of fishes from the coast of Morocco. 

Under the head of ‘‘ Figures and Descriptions of the Fishes of 
Japan,’’ Mr. Shigeho Tanaka, lecturer in the Imperial Univer- 
sity, continues his series of excellent descriptions and figures of 
Japanese fishes, the text being both in Japanese and in English. 
Of this series ten fascicules have been published. When it is fin- 
ished it will give a most complete and valuable account of the 
fishes of Japan. No attempt is made to classify these species, 
one being taken up after another in the order which the author 
finds most convenient, a matter of necessity under the cireum- 
stances of publication. 

In the Journal Coll. Sci. Imp. Univ. Tokyo, H. Ohshima de- 
seribes in detail the luminous organs of various fishes, among 
them the small deep-water sharks of the coast of Japan. 
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In the Proc. Roy. Soc. Queensland, A. R. McCulloch describes 
some new Atherinide from Australia. 

In the Rec. West. Austr. Mus., Mr. McCulloch publishes notes 
on various fishes from western Australia. 

In the Records of the Canterbury Museum, Mr. Waite. de- 
scribes the many species, some of them of remarkable interest, 
obtained by the trawling expedition of New Zealand. 

In the Revue Institute d’Agronomie, Montevideo, Professor 
André Bouyat gives popular accounts in Spanish, with photo- 
graphs, of the principal food fishes of the coast of Uruguay. 

In the Zoologischen Anzeiger, George Wagner discusses the 
possibility of the existence of the species of Gar pike described 
from a Chinese drawing under the name of Lepisosteus sinensis. 
No naturalist has ever found a gar pike in China and the ques- 
tion of where this specimen was obtained from which this draw- 
ing is made is still uncertain. 

In the Bull. Soc. Zool. de France, Mr. F. Priem describes the 
fossil fishes of the Argentine Republic. 

In the Field Mus. Nat. Hist., Dr. Seth E. Meek describes new 
fishes of numerous species from the rivers of Costa Rica. Dr. 
Meek and S. F. Hildebrand also describe a number of new spe- 
cies from Panama. 

In the Trans. Amer. Fish Soc., at St. Louis, are numerous val- 
uable papers relating chiefly to the culture or to the diseases of 
fishes. One of the many papers of practical value is an account 
of the fur seal herd of the Pribilof Island and the prospects for 
its increase, by C. H. Townsend. The sole cause of the reduction 
in numbers of these animals has been the killing of females at 
sea, known as pelagic sealing. In the early Russian days before 
the present methods of removing the bristles from seal skins, 
leaving the soft underfur, was discovered in London, the most 
valuable fur was that of the young animals at the age of four 
months when they change the black coat for the silver gray of the 
first year. In those days these silver-gray pups were killed in- 
discriminately on land without regard to sex, a matter which 
naturally rapidly reduced the herd. But so long as the females 
are protected, both on land and sea, there is no reason why the 
herd should not enormously increase, probably in time with 
proper management on the land, so as to yield even more than 
the 100,000 skins of superfluous males which were taken each 
year during the lease of the Alaska Commercial Company. 
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In the Publ. Leland Stanford Jr. Univ., Professor E. C. Starks 
describes the skeletons of various families of mackerel-like fishes. 
In a general way he finds that the real relations of these forms, 
as indicated by their skeletons, correspond very nearly to the 
impressions made by their external characters. Among other 
things there is no immediate relation between the genus Gerres 
and the genus Leiognathus. These have some superficial resem- 
blances, and have been placed in the same family by Dr. Bou- 
lenger. 

In the Bureau of Fisheries documents Dr. G. H. Parker dis- 
cusses the effect of explosions of motor boats and guns on fishes. 
These sounds under water are extremely faint and have little 
effect on the animals. Some of the noises made by the fishes them- 
selves seem to have a certain attraction to others of their kind. 

In the Biennial Report of the Commissioners of Fisheries of 
Wisconsin is a valuable discussion of the brook trout disease in 
the hatcheries of Wisconsin, the disease in this case being due to 
a parasitic crustacean, a small copepod, Lernewopoda edwardsii. 
This creature is a parasite on the eastern brook trout but not on 
the other species of trout reared in Wisconsin. The best remedy 
seems to be to clean up the hatcheries, scraping the ponds, and 
introducing the sand filter. It is also suggested that the old 
trout, most usually affected, be got rid of early and that the 
copepods may be drawn apart by means of electric lights. 

In the Bull. Bur. Fisher., G. H. Parker discusses the sense 
structures of a small shark. 

In the Fishing Gazette, Dr. Hussakof describes the spoonbill 
eat fishery of the lower Mississippi. 

Under the head of Dogfish, D. E. Lane, of Bellingham, Wash- 
ington, attempts to show that the species of Squalus have a great 
commercial value, the oil from the livers being capable of many 
uses through purification, and the bodies susceptible of being 
made into a high-grade fertilizer. 

In the Zool. Soc. Bull., F. B. Sumner describes in detail the 
adaptive colors among fishes and the changes which some of them 
undergo. In a certain species of turbot from the Bay of Naples 
marked all over in life with gray and dark spots of different 
shades and sizes, it is found that this fish placed on different bot- 
toms adapts itself not only to the general color tone, but to the 
texture and pattern as well. 
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In the Bull. Inst. Oceanog., Dr. Fage discusses the attempts to 
introduce the salmon in the Mediterranean, thus far unsuccessful. 

In several papers in the Anatomischen Anzeiger, E. P. Allis, 
Jr., describes the blood vessels and other structures of many 
species of sharks and other fishes. ; 

In the Proc. 7th Internat. Zool. Cong., Professor H. F. Nach- 
trieb describes the lateral line of the paddlefish. Another paper 
is in the Journal of Experimental Zoology. 

In the Bulletin of the Bureau of Fisheries, XXXII, for 1912, 
under the head of ‘‘The Age at Maturity of the Pacific Salmon 
of the Genus Oncorhynchus,’’ Dr. Charles H. Gilbert gives a de- 
tailed account of his investigations of the scales of the salmon, 
following a method begun by Johnston in his studies of the sal- 
mon of Seotland. In this paper he shows that the age of the 
salmon can be determined by its scales and because the salmon 
of the Pacific Coast runs periodically, this information thus 
secured may be of great commercial importance. A few years 
ago a similar study was undertaken by Professor J. P. MeMur- 
rich. Unfortunately this work, which was otherwise well done, 
rested on an initial mistake. The red salmon, which was taken 
by him to be a four-year old, was actually five years of age. 

Summing up, Dr. Gilbert presents the following conclusions: 

1. The sockeye spawn normally either in their fourth or fifth, 
the king salmon either in their fourth, fifth, sixth or seventh 
year, the females of both species being preponderatingly four- 
year fish. 

2. The young of both sockeye and king salmon may migrate 
seaward shortly after hatching, or may reside in fresh water 
until their second spring. Those of the first type grow more 
rapidly than the second, but are subject to greater dangers and 
develop proportionately fewer adults. 

3. Coho salmon spawn normally only in their third year. The 
young migrate either as fry or yearlings, but adults are de- 
veloped almost exclusively from those which migrate as year- 
lings. 

4. Dog salmon mature normally either in their third, fourth 
or fifth years, the humpback always in their second year. The 
young of both pass to sea as soon as they are free swimming. 

5. The term ‘‘grilse,’’ as used for Pacific salmon, signifies con- 
spicuously undersized fish which sparingly accompany the 
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spawning run. They are precociously developed in advance of 
the normal spawning period of the species. So far as known, the 
grilse of the king salmon, coho and dog salmon are exclusively 
males, of the sockeye, almost exclusively males, except on the 
Columbia River, where both sexes are about equally represented. 
The larger grilse meet or overlap in size the smaller of those in- 
dividuals which mature one year later at the normal period. 

6. Grilse of the sockeye are in their third year, of the king sal- 
mon in their second or third year, of the coho and the dog salmon 
in their second year. 

7. The great differences in size observed in spawning runs are 
closely correlated with age, the younger fish averaging constantly 
smaller than those one year older, though the curves of the two 
may overlap. 

This article is also printed in the Pactfic Fisherman. 

F. L. Landaere in the Jour. Comp. Neur. discusses certain 
ganglia of the gar pike and their relations and significance, 

In the Bur. Fish. Doc., A. B. Alexander discusses the halibut 
fishing grounds of the Pacifie Coast. 

In the Rapp. Cons. Internat. de la Mer, Professor D. W. 
Thompson, of Dundee, describes the distribution of the cod and 
haddock. 

In the Bull. Soc. Géol. de France, Mr. Priem discusses the 
fossil fishes of the Upper Tertiary in southern France and also 
the Mezozoie fishes of the same region. 

In the Bull Amer, Mus., Dr. Hussakof describes a sawfish 
embryo. 

In the Bull. Bur. Fish., Professor J. O. Snyder describes under 
the name of Salmo regalis, the royal silver trout of Lake Tahoe. 
It is one of the most remarkable of the many American species 
of trout, being of beautiful steel blue and silver with very few 
spots. It is probably older and more primitive than any of the 
other trout, doubtless being part of the original fauna of Lake 
Lahontan. 

Davip StTarR JORDAN. 


